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(54) PHOTOMASK, METHOD FOR MANUFACTURING THE SAME, PROJECTION ALIGNER USING 
THE PHOTOMASK, AND PROJECTION EXPOSING METHOD 



(57) The present invention is to provide a photo- 
mask which has a sufficient durability to short-wave- 
length exposure beams, too, and also can prevent any 
foreign matter from adhering to patterns for transfer. In 
a photomask on which a transfer pattern to be trans- 
ferred to an exposure-target substrate 1 9 is fomried and 
through which a stated exposure beam applied to a pat- 



tern surface 1 P where the transfer pattern is formed is 
guided to a projection optical system PL for fonning an 
image of the pattern, the photomask comprises a trans- 
mitting plate 3 disposed apart from the pattern surface 
by a stated interval do and having a stated thickness h 
and a transmission to the exposure beam, and the trans- 
mitting plate is substantially square and fulfills a stated 
condition. 
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TECHNICAL FIELD 

5 [0001] This invention relates to a photomask on which a master pattern of patterns has been formed which are to 
be transferred (projected) onto substrates in lithographic processes for producing devices such as semiconductor 
integrated circuits, imaging devices (such as CCD), liquid-crystal display devices or thin-film magnetic heads. 

BACKGROUND ART 

10 

[0002] In the fabrication of devices such as semiconductor Integrated circuits, a transfer method Is used in which, 
using a photomask having a master pattern of a circuit pattern to be fomried, having been magnified, e.g., about four 
to five times, the pattern of this photomask Is reduction-projected on an exposure-target substrate such as a wafer or 
a glass plate via a reduction projection optical system. What is used when the pattern of such a photomask Is transfered 
15 is the projection exposure apparatus. Photomasks used in reduction projection type exposure apparatus of a step- 
and-repeat system or a step-and-scan system are also called reticles. 

[0003] In the transfer of the pattern of such a photomask, where any foreign matter such as dust with a size larger 
than tolerance limits stands adherent to the pattern surface, an image of the foreign matter may also Inevitably be 
transferred to the substrate such as a wafer, and there is a possibility that integrated circuits finally manufactured may 

20 function erroneously Accordingly a thin film called a pellicle which is comprised of an organic material of about 1 to 
10 |im thick and transmits exposure light is conventionally spreadingly provided at a position about 5 mm apart from 
the photomask pattern surface so that the pellicle can prevent the foreign matter from adhering to the pattern surface. 
Also, the pellicle is spread over a metallic support frame called a pellicle frame bonded to the photomask pattern 
surface, and the space between the photomask pattern surface and the pellicle Is substantially Isolated from the open 

25 air and is so constructed that any foreign matter contained in the open air does not adhere to the photomask pattern 
surface. 

[0004] As stated above, the pellicle comprised of a thin film of an organic material is spread over the pattern surface 
of any conventional photomask and this pellicle prevents dust from adhering. Also, as exposure light of projection 
exposure apparatus making use of photomasks, l-rays (wavelength: 365 nm) of mercury lamps have chiefly be used 
30 in conventional apparatus, where even conventional pellicles have a sufficient durability against exposure light having 
a wavelength of such a level. 

[0005] On the other hand, exposure wavelengths of projection exposure apparatus are recently being replaced with 
much shorter wavelengths in order to make adaptation to semiconductor Integrated circuits having been made finer, 
and recently KrF excimer laser light (wavelength: 248) is becoming prevailing. Then, at present, shorter-wavelength 

35 ArF excimer laser light (wavelength: 193 nm) is being on the stage of practical use. A projection exposure apparatus 
making use of much shorter-wavelength Fg laser light (wavelength: 157 nm) is also on research. 
[0006] As exposure wavelengths are replaced with such shorter wavelengths, it has become difficult for conventional 
organic type pellicles to ensure a sufficient durability. More specifically, since exposure light having a shorter wavelength 
has a higher energy per one photon, chemical bonds of organic molecules constituting a pellicle may be broken by 

40 exposure light. Hence, it is becoming difficult to provide a pellicle comprised of an organic material sufficiently durable 
to short-wavelength exposure light. 

[0007] However, if the pellicle Is not used, the foreign matter can not be prevented from adhering to the photomask 
pattern surface, bringing aboutadlfficulty that the manufacture of semiconductor integrated circuits results In alowyield. 
[0008] Accordingly it is desirable that any substance other than the pellicle comprised of an organic material be 

45 Installed in the vicinity of the position where the pellicle has conventionally been provided. Conventional pellicles are 
workable in very thin gage and moreover soft, and hence any optical influence is almost negligible as long as deflection 
Is removed by applying a tension. However, almost no substance is known which has the same nature as conventional 
pellicles in respect of exposure light of 200 nm or shorter and yet can ensure transmittance. 
[0009] In the case when the exposure light of 200 nm or shorter is used, it is also known that Impurities such as 

50 moisture and organic matter present there may contaminate light transmission surface or cause a decrease In trans- 
mittance through space. Accordingly, the greatest possible care must also be taken for contamination of any light 
transmission surface of an article con-esponding to the pellicle provided at the position set on the same optical path of 
the pellicle. 

[0010] In addition, as disclosed in W09g/49366, it is proposed to use a transmitting plate in place of conventional 
55 pellicles as a countenneasure for the trend toward shorter wavelength of exposure light. However, some problems 
may arise when such a transmitting plate is used. First, the transmitting plate has a considerable thickness compared 
with the pellicle, and hence it is necessary to measure a figure tolerance (surface precision) on the pellicle side and 
the projection lens side. However, In the measurement of the figure tolerance (surface precision), where the both 
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surfaces are flat and substantially in parallel, fringes of equal-thickness interference occur when light is made incident 
on the surfaces. An influence of such fringes of equal-thickness Interference provides a problem that it Is difficult to 
analyze Interference fringes for measuring the figure tolerance (surface precision). 

[001 1 ] There is also a problem that aberrations may occur since the transmitting plate having a thickness is inserted 
5 in the optical path to any reduction projection optical system in which various aberrations have been well corrected in 
the state where any transmitting plate is not present. To cope with this problem, as disclosed in W099/49366, a method 
is proposed in which the space between lenses of a reduction projection optical system is adjusted according to the 
thickness of the transmitting plate. This method may be easy and effective because any lens component may be moved 
in a relatively small extentwhen, e.g., the error (aberration) is regulated in the state the transmitting plate hasathickness 
10 set previously. However, where a plurality of reticles having transmitting plates in various thickness are used, the lens 
component must be moved in so large an extent that there is a possibility of exceeding the stroke of adjustment which 
is the range within which the lens is movable. Also, even if it is moved within the adjustable range, residual aberrations 
may occur. 

[0012] Moreover, in the case when the transmitting plate is inserted to the optical system, It Is preferable for the 
15 transmitting plate not to lower the transmittance as far as possible, i.e., to be low reflective . In addition, it is preferable 
to cause flare or the like as less as possible. 

DISCLOSURE OF THE INVENTION 

20 [0013] The present invention was made taking account of the problems discussed above. Accordingly, an object of 
the present invention Is to provide a photomask which has a sufficient durability to short-wavelength exposure beams, 
too, and also can prevent any foreign matter from adhering to patterns for transfer. 

[001 4] Another object of the present invention is to provide a photomask which Is a photomask having a transmitting 
plate and In which the figure tolerance (surface precision) of the transmitting plate can be measured with ease and 
25 also the transmitting plate is low reflective, and to provide a photomask, and a projection exposure apparatus, which 
can make aberrations less occur even when the transmitting plate has a variety In thickness. 
[001 5] To achieve the above objects, first invention provides a photomask on which a transfer pattern to be transferred 
to an exposure-target substrate is fonned and through which a stated exposure beam applied to a pattern surface 
where the transfer pattern is formed is guided to a projection optical system for fonming an image of the pattern; 

30 

the photomask comprising a transmitting plate disposed apart from the pattern surface by a stated interval and 

having a stated thickness and a transmission to the exposure beam; 

the transmitting plate being substantially square and fulfilling the following condition: 

where; 

40 h: thickness (cm) of the transmitting plate; 

n : refractive index of the transmitting plate with respect to the exposure beam; 

p: magnification of the projection optical system; 

X: wavelength (cm) of the exposure beam; and 

p: density (g/cm^) of the transmitting plate; 
45 and where Young's modulus Is represented by E and Poisson's ratio is represented by a, 

E=E/(12.(1-o^)) (2). 

5° Second invention is that, In the 1 st invention, the photomask may preferably fulfill at least one condition of the 

following conditions (a) to (c). 

(a) lATI < 0.1 X, 

55 

(b) lAOI^O.IX, 
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(c) tAnlxh<0.1 A,, 



where; 

5 

X: wavelength (cm) of the exposure beam; 

AT: difference (cm) in thickness of the transmitting plate between its maximum value and its minimum value; 
AO: difference (cm) in isophase plane of plane waves between its maximum value and its minimum value; the 
plane waves having passed through the transmitting plate when plane waves are made Incident on the trans- 
10 mitting plate; 

An: difference in refractive index of the transmitting plate with respect to the exposure beam, between its 
maximum value and its minimum value; and 
h: thickness (cm) of the transmitting plate. 

15 [0016] Third invention is that, in a photomask which has a pattern surface where a pattern for transfer has been 
fomned, and Is to be Irradiated by a stated exposure beam; 

the photomask comprises a transmitting plate disposed apart from the pattern surface by a stated interval; and 
the transmitting plate fulfills at least one condition of the above conditions (a) to (c). 

20 

[001 7] Fourth Invention is that, In the 1 st Invention to 3rd invention, the photomask may preferably fulfill the following 
condition. 



25 



sin- 



_i JVA 



J 



(13) 



30 where; 

A: size (cm) of a defect the transmitting plate has; 

do: distance (cm) between the pattern surface and the transmitting plate; 

NA: numerical aperture on the image side of the projection optical system; 

35 p: magnification of the projection optical system; 

d: thickness (cm) of the transmitting plate; and 

n: refractive index of the transmitting plate with respect to the exposure beam. 

[0018] Fifth invention is a photomask on which a transfer pattern to be transferred to an exposure-target substrate 
40 is fonned and through which a stated exposure beam applied to a pattern surface where the transfer pattern is f onned 
is guided to a projection optical system for fomiing an Image of the pattern; 

the photomask comprising a transmitting plate disposed apart from the pattern surface by a stated interval; 
the transmitting plate fulfilling the above condition (13). 

45 

[0019] Sixth Invention provides an exposure process comprising the steps of; 

exposing the photomask according to any one of the first invention to third invention, to exposure light of 200 nm 
or shorter wavelength; and 

50 transferring the pattern formed on the photomask, onto a photosensitive substrate in accordance with the exposure 

light. 

[0020] Seventh invention is that, in the 1st invention, the transmitting plate may preferably be simple-supported and 
fulfill the condition of: 

55 
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[0021 ] In eighth Invention, in the photomask according to the first Invention, the transmitting plate may preferably be 
peripheral-supported. 

[0022] In ninth invention, In the photomask according to the 1 st, 2nd, 3rd, 5th, 6th, 7th or 8th invention, the exposure 
beam may preferably be polarized light, and the transmitting plate may preferably have a distortion of 0.1 X or below. 
5 [0023] In tenth Invention, in the photomask according to the 1st, 2nd, 3rd, 6th, 6th, 7th, 8th or 9th Invention, the 
transmitting plate may preferably be bonded in the state of optical contact at a position outside the region where the 
pattern has been formed. 

[0024] Eleventh invention is a process for producing a photomask on which a transfer pattern for transfer is fonned 
and which Is to be Irradiated by a stated exposure beam; the process comprising; 

10 

a first step of preparing a transmitting plate having transmission to the exposure beam; 
a second step of forming on the photomask a pattern for transfer; 
a third step of measuring the distortion of the pattern; 

a fourth step of calculating the figure (surface fomri) of the transmitting plate which figure (surface fonm) may sub- 
15 stantlally cancel the distortion component; 

a fifth step of working the photomask so as to provide the figure (surface form) calculated In the fourth step; and 
a sixth step of attaching the transmitting plate to the photomask in such a way that the transmitting plate stands 
apart by a stated interval from the surface where the pattern for transfer has been formed. 

20 [0025] Twelfth Invention Is a process for producing a photomask to be mounted on a projection exposure apparatus 
with which a pattern for transfer is projection-exposed onto a photosensitive substrate via a projection optical system; 
the process comprising; 

a first step of preparing a transmitting plate having transmission to the exposure beam; 
25 a second step of forming on the photomask a pattern for transfer; 

a third step of calculating a distortion component in accordance with the light coming from the pattern via the 
transmitting plate and the projection optical system, 

a fourth step of calculating the figure (surface fonn) of the transmitting plate which figure (surface fonn) may sub- 
stantially cancel the distortion component; 
30 a fifth step of working the transmitting plate prepared In the first step, so as to provide the figure (surface fonn) 

calculated In the fourth step; and 

a sixth step of attaching the transmitting plate worked in the fifth step, to the photomask in such a way that the 
transmitting plate stands apart by a stated Interval from the surface where the pattern for transfer has been fonned. 

35 [0026] Thirteenth invention provides a photomask on which a pattern for transfer has been fonned and which is to 
be irradiated by a stated exposure beam; 

the photomask comprising a transmitting plate disposed apart by a stated interval from the pattern surface where 
the pattern has been fonned and having transmission to the exposure beam; 
40 the transmitting plate having a stated thickness and has a first surface and a second surface through each of which 

the exposure beam Is to be made to pass; 

the first surface and second surface being substantially plane surfaces, or curved surfaces having a stated refract- 
ing power, and; 

where the angle formed by the first surface and the second surface is represented by 0 (unit: degree), the refracting 
45 power of the first surface by <t)1 (unit: 1/mm), and the refracting power of the second surface by <t)2 (unit: 1/mm); 

fulfilling at least one condition of two conditions: 



12.4" <e<3' 



(20), 



50 



-1/6,940 <(>U(|i2< 1/5,000 



(21). 



incidentally, when the condition (21) is fulfilled, any one oi^^^0 and ^2^0 \s fulfilled. 

[0027] The conditions (20) and (21) defines conditions for making the fringes of equal-thickness Interference less 
occur and making the measurement of figure tolerance (surface precision) easy. When these conditions are not fulfilled, 
the fringes of equal-thickness interference may occur greatly and the measurement of figure tolerance (surface precl- 



5 



EP1 158 361 A1 



sion) may result in a low precision. When at least anyone of the conditions (20) and (21) is fulfilled, decentratlon 
aberrations may occur at a very low level or at a level of being correctable with ease. 

[0028] Fourteenth invention provides a projection exposure apparatus In which a pattern for transfer which has been 
formed on the pattern surface of a photomask is illuminated by an exposure beam coming from an illumination optical 
5 system and an Image of the pattern is formed on a photosensitive substrate via a projection optical system; the pro- 
jection exposure apparatus comprising; 

a masl< stage for positioning the photomasl< In the optical path extending between the illumination optical system 
and the projection optical system; and 
10 a mask stage drive for moving the mask stage so that the interval between the pattern surface and the projection 

optical system comes to be at a given value; 

the photomask having a transmitting plate having transmission to the exposure beam, disposed apart from the 
pattem surface by a stated inten/al; and 

the given value being detemnined in accordance with the thickness of the transmitting plate of the photomask. 

15 

[0029] Fifteenth invention provides a projection exposure process in which a pattern for transfer which has been 
formed on the pattern surface of a photomask is illuminated by an exposure beam coming from an illumination optical 
system and an image of the pattern is fomned on a photosensitive substrate via a projection optical system; the process 
comprising the steps of; 

20 

locating the photomask in the optical path extending between the illumination optical system and the projection 
optical system; and 

setting the interval between the pattern surface and the projection optical system at a given value; 
the photomask having a transmitting plate having transmission to the exposure beam, disposed apart from the 
25 pattern surface by a stated interval; and 

the given value being detennined in accordance with the thickness of the transmitting plate of the photomask. 

[0030] Sixteenth invention provides a photomask to be mounted in a projection exposure apparatus with which a 
pattem for transfer which has been fonned on the pattern surface of the photomask is projection-exposed onto a 
30 photosensitive substrate by the aid of an exposure beam; 

the photomask comprising; 

a transmitting plate having transmission to the exposure beam, disposed apart from the pattern surface by a stated 
interval; and 

35 a mounting surface supported by a mask stage of the projection exposure apparatus; 

the mounting su rf ace of the photomask and the pattern surface being set apart by a stated distance in the thickness 
direction of the transmitting plate; 

the stated distance being determined taking account of the thickness of the transmitting plate. 

40 [0031] Seventeenth invention provides a photomask to be mounted In a projection exposure apparatus with which 
a pattern for transfer which has been formed on the pattern surface of the photomask is projection-exposed onto a 
photosensitive substrate by the aid of an exposure beam; 

the photomask comprising; 

45 a transmitting plate having transmission to the exposure beam, disposed apart from the pattern surface by a stated 

interval; 

the transmitting plate being provided with an antireflection coating having a fluoride. 

[0032] In eighteenth invention, the fluoride may preferably contain at least any one of LaF^ and MgF2. 
50 [0033] Nineteen invention provides a projection exposure process comprising the steps of; 

illuminating the photomask according to any one of the 7th to 10th, 13th and 16th to 18th invention by the aid of 
the exposure beam coming from the illumination optical system; and 

forming on a photosensitive substrate via the projection optical system an image of a pattern for transfer which 
55 has been fomried on the photomask. 

[0034] Twentieth invention provides the photomask according to any one of the 7th to 10th, 13th and 16th to 18th 
invention, which fulfills at least one condition of the following conditions (a'), (b*) and (c). 
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(a') lATc'l <, 0.1 X, 



(b') lAOc'l ^ 0.1 X, 



(c) lAnI X h < 0.1 X. 

10 where; 

X: wavelength (m) of the exposure beam; 

ATc': maximum width (cm) of deviation of the thickness of the transmitting plate from a linear approximation obtained 
when the thicl^ness is linearly approximated; 
15 AOc': maximum width (cm) of deviation of the isophase plane of plane waves made incident on the transmitting 
plate and having passed through the transmitting plate, from a linear approximation obtained when the isophase 
plane is linearly approximated; 

An: difference in refractive index of the transmitting plate with respect to the exposure beam, between its maximum 
value and its minimum value; and 
20 h: thickness (cm) of the transmitting plate. 

[0035] Twenty-first invention is that, In a photomask which has a pattern surface where a pattern for transfer has 
been fomried, and is to be irradiated by a stated exposure beam; 

25 the photomask comprises a transmitting plate disposed apart from the pattern surface by a stated interval; and 
the transmitting plate fulfills at least one condition of the above conditions (a'), (b') and (c). 

[0036] Here, the ATc'is found in the following way. First, the thickness of the transmitting plate Is approximated In a 
linear line. Next, an absolute value of the maximum width of deviation of an actual thickness of the transmitting plate 
30 from the linear line. Then, this absolute value of the maximum width is represented by ATc'. With regard to the AOc', 
too. It is similarly found. First the isophase plane of plane waves made incident on the transmitting plate and having 
passed through the transmitting plate is approximated in a linear line. Then, the absolute value of deviation of the 
isophase plane from the linear line is represented by AOc'. 

[0037] Twenty-second invention is a process for producing a photomask on which a pattern for transfer is fomried 
35 and is to be irradiated by a stated exposure beam; the process comprising the steps of; 

preparing a transmitting plate having transmission to the exposure beam; 
forming on the photomask a pattern for transfer; and 

attaching the transmitting plate to the photomask In such a way that the transmitting plate stands apart by a stated 
40 interval from the surface where the pattem for transfer has been fomned; 

the step of preparing the transmitting plate having an auxiliary step of examining the transmitting plate. 

[0038] Twenty-third invention Is that, in tiie photomask production process of the 22nd invention, at least one condition 
of the following conditions (a'), (b*) and (c) is examined in the step of preparing the transmitting plate. 

45 

(a*) IATc'I ^ 0.1 X, 



(b') lAOCI ^ 0.1 X, 



(c) IAnlxh<0.1X. 

55 where; 

X: wavelength (m) of the exposure beam; 

ATc': maximum width (cm) of deviation of the tiiickness of the transmitting plate from a linear approximation obtained 
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when the thickness is linearty approximated; 

AOc': maximum width (cm) of deviation of the isophase plane of plane waves made Incident on the transmitting 
plate and having passed through the transmitting ptate, from a linear approximation obtained when the isophase 
plane Is linearly approximated; 

5 An: difference in refractive index of the transmitting plate with respect to the exposure beam, between its maximum 

value and its minimum value; and 
h: thickness (cm) of the transmitting plate. 

[0039] Twenty-fourth invention is a process for producing a photomask on which a pattern for transfer is formed and 
10 is to be Irradiated by a stated exposure beam; the process comprising the steps of; 

preparing a transmitting plate having transmission to the exposure beam; 
forming on the photomask a pattern for transfer; and 

attaching the transmitting plate to the photomask in such a way that the transmitting plate stands apart by a stated 
15 interval from the surface where the pattern for transfer has been fomned; 

the transmitting plate having a stated thickness and has a first surface and a second surface through each of which 
the exposure beam is to be made to pass; 

the first surface and second surface being substantially plane surfaces, or curved surfaces having a stated refract- 
ing power, and; 

20 where the angle formed by the first surface and the second surface Is represented by 6 (unit: degree), the refracting 
power of the first surface by (unit: 1/mm), and the refracting power of the second surface by ^^ (unit: 1/mm); 
fulfilling at least one condition of two conditions: 

2^ 124"se<3' (20). 

-1/6940 < 4>1+<t>2 < 1/5000 (21), 

30 provided that, when the condition (21 ) is fulfilled, any one o^^ ^0 and <t)2 0 Is fulfilled. 

[0040] Twenty-fifth invention Is a process for producing a photomask on which a transfer pattern for transfer is formed 
and which is to be in-adiated by an exposure beam of 200 nm or shorter wavelength; the process comprising thesteps of; 

35 preparing a transmitting plate having transmission to the exposure beam; 

forming on the photomask a pattern for transfer; and 

attaching the transmitting plate to the photomask in such a way that the transmitting plate stands apart by a stated 

interval from the surface where the pattern for transfer has been fomned; 

the process further comprising the step of providing an antireflection coating containing a fluoride. 

40 

[0041 ] Twenty-sixth Invention is that, In the 25th invention, thefluorlde may contain at least any one of LaFg and MgFg. 
[0042] Twenty-seventh invention is a process for producing a photomask on which a transfer pattern for transfer Is 
formed and which is to be irradiated by a stated exposure beam; the process comprising the steps of; 

45 preparing a transmitting plate having transmission to the exposure beam; 

forming on the photomask a pattern for transfer; 

attaching the transmitting plate to the photomask In such a way that the transmitting plate stands apart by a stated 
interval from the surface where the pattern for transfer has been formed; and 

providing the photomask with a means for changing the position of the pattern for transfer, over the travel direction 
50 of the exposure beam. 

[0043] Twenty-eighth invention Is that, In the production process of the 27th invention, the step of providing the 
photomask with that means comprises an auxiliary step of providing the photomask with a cutout. 
[0044] Twenty-ninth Invention Is that, in the production process of the 27th Invention, the step of providing the pho- 
55 tomask with that means comprises an auxiliary step of providing the photomask with a protrusion. 

[0045] Thirtieth Invention is that, in the production process of the 27th invention, the step of providing the photomask 
with that means comprises an auxiliary step of preparing a spacer positioned between a stage mounting portion and 
a stage, of the photomask. 
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[0046] Thirty-first Invention is a photomask on which a pattern for transfer is f omied In the plane of a pattern surface 
and which is to be irradiated by a stated exposure beam; 
the photomask comprising; 

5 a transmitting plate having a stated thickness and having transmission to the exposure beam; and 

a holding member for disposing the transmitting plate apart from the pattern surface by a stated interval; 

the holding member holding the transmitting plate in such a way that the angle fonned by a light-transmitting 

surface of the transmitting plate and a surface of the photomask is within 1^. 

10 [0047] Thirty-second invention is that, in the photomask of 31st invention, the holding member holds the transmitting 
plate in such a way that the angle fornied by the light-transmitting surface of the transmitting plate and the surface of 
the photomask is within 5', 

[0048] Thirty-third Invention is that, in the photomask of 31st invention, the holding member holds the transmitting 
plate in such a way that the angle fonmed by the light-transmitting surface of the transmitting plate and the surface of 
15 the photomask is within 1 '. 

[0049] Thirty-fourth invention is a processfor producing a photomask on which a transfer pattern fortransfer is formed 
In the plane of a pattern surface and which Is to be irradiated by a stated exposure beam; the process comprising the 
steps of; 

20 preparing a transmitting plate having transmission to the exposure beam; 

forming on the photomask a pattern for transfer; and 

attaching the transmitting plate to the photomask in such a way that the transmitting plate stands apart by a stated 
interval from the surface where the pattern for transfer has been formed; 

the step of preparing the transmitting plate being the step of preparing a transmitting plate having a thickness 
25 within ±2 |im with respect to a specified vale of the thickness of the transmitting plate. 

[0050] Thirty-fifth invention is that, In the 32nd Invention, the step of preparing the transmitting plate has an auxiliary 
step of examining the transmitting plate; and 

in the auxiliary step, the thickness of the transmitting plate is examined. 
30 [0051 ] Thirty-sixth invention is a photomask produced by the production process of the 31 st or 32nd Invention. 
[0052] Thirty-seventh invention is a photomask on which a pattern for transfer is fonned in the plane of a pattern 
surface and which Is to be irradiated by a stated exposure beam; 

the photomask comprising a transmitting plate disposed apart from the pattern surface by a stated interval, having 
a stated thickness and having a first surface and a second surface through each of which the exposure beam is to be 
35 made to pass; 

the first surface and second surface standing at a local angle within 0.4"; and 

the first and second surfaces and pattern surface standing at a local angle within 12". 
[0053] Thirty-eighth invention is a process for producing a photomask on which a transfer pattern for transfer is 
fonned and which Is to be irradiated by a stated exposure beam; the process comprising the steps of; 

40 

preparing a transmitting plate having transmission to the exposure beam; 
forming on the photomask a pattern for transfer; and 

attaching the transmitting plate to the photomask in such a way that the transmitting plate stands apart by a stated 
interval from the surface where the pattern for transfer has been fomried; 
45 the transmitting plate having a stated thickness and having a first surface and a second surface through each of 

which the exposure beam is to be made to pass; 

the step of preparing the transmitting plate having an auxiliary step of examining the transmitting plate; 
in the auxiliary step, examination being made in relation to a local angle at which the first surface and second 
surface stand and a local angle at which thef irst surface and second surface stand with respect to a stated reference 
50 surface. 

[0054] Thirty-ninth Invention is that, In the production process of the 36th invention, the first surface and second 
surface stand at a local angle within 0.4" and, with respect to a stated reference surface, the first surface and the 
second surface stand at a local angle within 12". 

55 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0055] 

5 Figs. 1 A and 1 6 Illustrate the construction of a photomask according to First Embodiment. 

Fig. 2A illustrates the construction of a photomask according to Second Embodiment, and Fig. 2B a different 
construction. 

Figs. 3A and 38 Illustrate a simple-supported square plate which undergoes a uniform-distributed load. 
Fig. 4 illustrates a peripheral-fixed square plate which undergoes a peripheral-distributed load. 
10 Fig. 5 illustrates how a light ray deviates when the transmitting plate stands inclined by deflection. 

Fig. 6 illustrates spread of outennost peripheral light which exits the mask and passes through thin-sheet glass. 
Fig. 7 schematically Illustrates the construction of a projection exposure apparatus having a reticle (photomask) 
according to an embodiment of the present invention. 

Fig. 8 illustrates the lens construction of a projection optical system having a reticle (photomask) according to an 

15 embodiment of the present invention. 

Fig. 9 shows aberrations of the projection optical system. 

Fig. 10A, Fig. 108 and Fig. IOC illustrate an example of a test reticle, another example of the test reticle, and the 
state of a pattern on wafer which has been fomned using the test reticle, respectively 

Fig. 11 A shows an instance in which a conventional curved-surface interpolation fomnula, and Fig. 11 shows an 
20 Instance in which a curved-surface interpolation formula according to the present embodiments. 

Figs. 12A to 12E illustrate a method of curved-surface interpolation according to the present embodiments. 
Fig. 13 Illustrates the construction of an apparatus for working the transmitting plate. 

Figs. 14A to 14E Illustrate an Instance In which the transmitting plate has an Inclination, and Fig. 14F an instance 
In which it has a curvature. 
25 Figs. 1 5A and 1 58 cross-sectlonally Illustrate a cutout and so forth of photomasks. 

Fig. 1 6 schematically illustrates the construction of a projection exposure apparatus in which a reticle (photomask) 
according to an embodiment of the present invention is mounted. 

Fig. 17 schematically Illustrates a reticle (photomask) according to an embodiment of the present invention. 
Fig. 18 schematically illustrates a reticle (photomask) according to an embodiment of the present invention. 
30 Fig. 1 9 Is a flow chart showing an example of steps for producing the photomask according to the present Invention. 

EMBODIMENTS OF THE INVENTION 

[0056] Embodiments of the photomask according to the present invention will be described below with reference to 
35 the accompanying drawings. In the present embodiments, the present Invention is applied to photomasks (reticles) 
used as master plates in projection exposure apparatus making use of short-wavelength exposure light like that of, e. 
g., an ArF excimer laser (wavelength: 193 nm) or an F2 laser (wavelength: 157 nm). 

(First Embodiment) 

40 

[0057] Fig.1 A Is a bottom view of a mask 1 of the present embodiment as viewed from its pattern surface side. Fig. 
1 8 is a side view thereof. In Figs. 1 A and 1 8, the mask 1 has a rectangular frame-like light-screening band 51 formed 
at the bottom (under surface) (hereinafter "pattern surface 1 P" ) of a transmitting plate made of quartz glass or fluorite 
and having transmission to ultraviolet rays, and a pattern region 52 fomied on the inside of the light-screening band 
45 51 In which region a master pattern has been drawn. A pair of alignment marks 53A and 53B are also formed on the 
pattern surface 1 P, holding the light-screening band 51 between them. 

[0058] Then, on the pattern surface 1 P, a rectangular frame-like member, holding frame 2 is fixed by bonding (simple- 
supported) in the state of optical contact, surrounding the light-screening band 51 and the alignment marks 53A and 
538. Being bonded In optical contact, the space between the pattern surface 1 P and the holding frame 2 can be made 

50 airtight at an improved rate and also the adhesion between them is Improved, and hence any mechanical distortion 
may occur with difficulty. Then, a square plate 3 having transmission to ultraviolet rays of wavelength X and having a 
thickness h and a side length a is Integrally fomned using the same material as that of the holding frame 2. Here, the 
transmitting plate 3 and the holding frame 2 may be made of, e.g., quartz glass (SiOg), fluorite (CaFg) or magnesium 
fluoride (MgFg). any of which may be used. As the quartz glass, synthetic quartz may also be used. In orderto strengthen 

55 the durability to short-wavelength light, modified quartz glass may also be used, such as quartz glass doped with 
fluorine (F), quartz glass doped also with hydrogen in addition to fluorine, quartz glass incorporated with OH groups, 
and quartz glass containing OH groups in addition to fluorine. Incidentally, in the quartz glass doped with fluorine, the 
fluorine may preferably be In a concentration of 100 ppm or more, and may more preferably be In the range of 500 
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ppm to 30,000 ppm. In the quartz glass doped also with hydrogen in addition to fluorine, the hydrogen may preferably 
be in a concentration of 5 x 10^® molecules/cm^ or less, and more preferably 1x10^^ molecules/cm^ or less. Also, in 
the quartz glass Incorporated with OH groups, the OH groups may preferably be In a concentration In the range of 10 
ppb to 100 ppm. In the quartz glass also containing OH groups in addition to fluorine, the fluorine may preferably be 

5 in a concentration of 1 00 ppm or more and the OH groups may preferably be in a concentration lower than the fluorine 
concentration. In this case, the OH groups may also preferably be in a concentration in the range of 1 0 ppb to 20 ppm. 
These materials not only have a high transmission to ultraviolet rays, but also have a sufficient durability to the ultraviolet 
rays. Then, a flat plate made of any of these materials may be worked to have the thickness h by polishing It on its 
both sides, thus the plate 3 is formed. 

10 [0059] Incidentally, the transmitting plate 3 and the holding frame 2 are by no means limited to those integrally formed, 
and those separately prepared may be fixed by bonding with an adhesive. 

[0060] The transmitting plate 3 is disposed on the pattern surface 1 P of the mask 1 and in parallel to the pattern 
surface 1 P, leaving a stated interval between them. Also, slender two regions extending on the outside of the holding 
frame 2 on the pattern surface 1 P serve as attracting zones 4A and 4B. In a reticle loader system where the mask 1 

15 is transported to and from a projection exposure apparatus described later and in a reticle stage of the projection 
exposure apparatus, the mask 1 is fixed at its attracting zones 4A and 4B by vacuum attraction or the like. Then, in 
the present embodiment, space 55 defined by the holding frame 2 and the transmitting plate 3 is kept airtight. Thus, 
since the space 55 is isolated from the open air, any foreign matter such as dust in the open air is prevented from 
adhering to the region 52 on the pattern surface 1 P, e.g.. In the course the mask 1 is transported. In addition, the space 

20 55 may previously be purged with an inert gas such as He, whereby the pattern surface 1 P and the mask-side surface 
of the transmitting plate 3 can be prevented from contamination over a long period of time. Also, at least one side of 
the transmitting plate 3 may preferably be subjected to surface working to correct mask errors as described later 

(Second Embodiment) 

25 

[0061] Fig. 2A Is a side view of a mask 1 according to Second Embodiment. Its bottom view is the same as that in 
First Embodiment described above, and is omitted here. In the above First Embodiment, the holding frame 2 and the 
transmitting plate 3 are integrally fomied using the same material, the holding frame 2 and the mask 1 are bonded in 
the state of optical contact, and the transmitting plate 3 is simple-supported on the mask 1. In contrast thereto, in 

30 Second Embodiment, a holding frame 2 fomied of a high-strength titanium alloy is fixed to the pattern surface 1 P by 
bonding, and the transmitting plate 3 is further fixed to the holding frame 2 by bonding. More specifically, In the present 
embodiment, the transmitting plate 3 is peripheral-fixed. Thus, in Second Embodiment, too, the transmitting plate 3 is 
disposed on the pattern surface 1 P of the mask 1 and in parallel to the pattern surface 1 P, leaving a stated Interval 
between them. Incidentally, the transmitting plate 3 in the present embodiment may be made of the same material as 

35 that used in the above First Embodiment. In addition, like the above First Embodiment, the space 55 may previously 
be purged with an inert gas such as He, whereby the pattern surface 1 P and the mask-side surface of the transmitting 
plate 3 can be prevented from contamination over a long period of time. Also, at least one side of the transmitting plate 
3 may preferably be subjected to surface working to conrect mask errors as described later. Also, at least one side of 
the transmitting plate 3 may preferably be subjected to surface working to correct mask errors as described later. Still 

40 also, the transmitting plate 3 may be held under construction as shown in Fig. 2B. 

[0062] The simple support and peripheral fixing of the transmitting plate as described in the above respective em- 
bodiments are described below. As described previously, the thickness h of the transmitting plate may preferably fulfill 
the condition (1) given previously and fulfill the condition (1) especially when the plate is peripheral-fixed, and, when 
the plate is simple-supported, may preferably fulfill the condition (3). 

45 [0063] Then , since the transmitting plate 3's own weight of suspension is applied to the maskstage, any strain applied 
to the mask can be small as long as the position at which the mask is held Is close to the point of action of the gravity 
the transmitting plate applies to the mask. Also, the transmitting plate and the holding member for fixing the mask and 
transmitting plate may each preferably have a small weight, but. as is clear from the condition (1 ) or the condition (3), 
the transmitting plate itself has a thickness to a certain extent. Accordingly, the holding frame may preferably have a 

50 density of 5 g/cm^ or less. Also, the holding frame may preferably have a high strength and have a tensile strength of 
400 MPa or more because such a frame can be made small in volume. 

[0064] Where a pattern of a photomask having the transmitting plate in a thickness h is projection-exposed onto an 
exposure-target substrate via a projection optical system, in order to keep the projection optical system from having 
any serious aberrations, the transmitting plate may preferably fulfill at least one condition of the following conditions 
55 (a)to(c). 

(a) lATI s 0.1 X; 
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(b) lA^I ^ 0.1 X; 



(c) IAnlxh<0.1X; 

5 

where; 

X: wavelength (cm) of the exposure beam; 
10 AT: difference (cm) In thickness of the transmitting plate between Its maximum value and Its minimum value; 

AO: difference (cm) in isophase plane of plane waves between its maximum value and its minimum value; the 
plane waves having passed through the transmitting plate when plane waves are made Incident on the transmitting 
plate; 

An: difference in refractive Index of the transmitting plate with respect to the exposure beam, between Its maximum 
15 value and its minimum value; and 

h: thickness (cm) of the transmitting plate. 

[0065] If at least one condition of the conditions (a) to (c) Is not fulfilled, the projection optical system may have 
serious distortion and spherical aberration. The transmitting plate may more preferably fulfill at least two conditions of 

20 the conditions (a) to (c). 

[0066] The photomask of the present embodiment is also used in a high-spec projection exposure apparatus making 
use of exposure light of 200 nm or shorter wavelength. Even when the projection optical system is replaced with a 
different projection optical system, the photomask may preferably be well usable without depending on any specific 
state of aben-ations each exposure unit may have. Accordingly, the photomask may more preferably fulfill at least one 

25 condition of the following conditions (d) to (f). 

(d) lATI < 0.03 X; 



(e) IAOI^O.03;^; 



(f) lAnI X h < 0.03 X; 

35 

[0067] In an optical system making use of a beam splitter as disclosed in Japanese Patent Application Laid-open 
No. 2-66510, it Is also common to use two beams of polarized light. In this case, if the transmitting plate 3 has a 
distortion, the polarized component may be disordered and no good separation may be effected between p-polarlzed 
light and s-polarlzed light to cause flare light unwantedly. Accordingly, the transmitting plate 3 may preferably have a 
40 distortion of 0.1 X or less over its whole surface. 

[0068] Deflection of the transmitting plate 3 in the cases of simple support (First Embodiment) and peripheral support 
(Second Embodiment), and distortion caused by such deflection are described below with reference to Figs. 3 and 4. 
In general, a maximum deflection V\lmsx of a square plate (the transmitting plate 3) In the case when it Is supported at 
Its periphery is represented by the following expression. 

45 

W^3,=apa^/D (4) 

[0069] Here, a Is a constant of proportion, and Is a = 0.0041 in the simple support (Figs. 3A and 3B) and a = 0.001 3 
50 in the peripheral support or fixing (Figs. 4A and 4B). Also, a Is length of one side of the square transmitting plate 3; 
and p, pressure per unit area, which corresponds to gravity In the case of thin-sheet glass, and hence p = ph where p 
represents density of thin-sheet glass (the transmitting plate 3) and h represents thickness of thin-sheet glass (the 
transmitting plate 3). Also, D is flexural stiffness, and is represented by the fomnuia: 

D=Eh^/{12(1-o^)) = Fh^ (4) 
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where E represents Young's modulus, and a, Poisson's ratio. 

[0070] As can be seen fronn the above formula (4), the peripheral support or fixing (Figs. 4A and 4B) is preferred to 
the simple support (Figs. 3A and SB) because the deflection in the former is 1/3 of the latter. Where the transmitting 
plate 3 has a rectangular shape, the value of a differs a little from the above. However, masks (pattern-fonned regions) 
5 used actually in projection exposure apparatus are rectangular but fairly closely square in most cases, and hence the 
length of a long side may preferably be used as the value of a. 

[0071] Changes in distortion which are caused when the deflection is produced in the transmitting plate 3 are ex- 
plained below. The distortion is chiefly caused by positional deviation of the principal ray. Accordingly, think about the 
positional deviation of the principal ray first. Assuming that a projection optical system stands telecentric on the mask 
10 side, the deviation of the principal ray is caused by an inclination of the surface of the transmitting plate 3 (thin-sheet 
glass). 

[0072] In Fig. 5, where the angle of inclination on each side is represented by ei since the transmitting plate 3 is 
substantially flat on both sides, 

tan(ei-e2) = x/h taking account of triangles A, B and C, and hence the extent x of deviation of the light ray is 
15 given by 



x = h.tan(ei-e2). 

20 Here, assuming G1 , 02 s= 0, it follows ir.ai 

x=h-tan(ei-e2) (5), 



25 [0073] Then, according to the Snell low, substitute 61 = n02 (n: refractive index of thin-sheet glass, the transmitting 
plate 3) for the expression (5), thus it follows that 



X =h.ei.(n-1)/n (6). 



30 



[0074] Then , when any influence by deflection is taking into account, the dependence of 9 on the light-incident position 
comes into question. For example, when 6 is rotationally symmetric and stands parabolic about the central position of 
a square as the center of rotational symmetry, 6 is proportional to the distance from the central position. Hence, the 
light-ray deviation is also proportional to only the distance from the central position, and only comes to be a mere 

35 magnification component. Also, even in the case of inclination of a higher-degree component, the aberration can be 
reduced by con-ecting other lens distance or the like as long as it is a rotationally symmetric component. 
[0075] However, since in most cases the thin-sheet glass (transmitting plate 3) is in square fomn, or in rectangular 
fomi close to square, after the shape of the mask (the pattern-formed region or light-screening band), it does not deflect 
in rotational symmetry. Hence, it follows that some aberration is always caused. Such aben-ation that can not be cor- 

40 rected is caused by the deviation of 0. Average value of 6, Bave, is about Gave = 2 V^maJ^ than the maximum deflection 
V^jriax' ^'^^^ deviation should also be substantially equal to 6ave, the Gave is substituted for G1 of the expression 
(6) to give the following expression: 

45 , = Odh^^ 

n a 

[0076] Then the of the expression (4) is substituted for the above to give 



50 



x=2^^lla^ (7) 

n rti 



[0077] The extent x of distortion thus produced must be sufficiently small with respect to the line width of the pattern 
55 having been f ornied on the pattern surface. Accordingly, in practical use. it may preferably be X/1 0 or less with respect 
to the exposure wavelength X even in total of the whole factors. Hence, the extent of distortion tolerable by the thin- 
sheet glass (transmitting plate 3) comes to be as smaller as X/30 or less. Aberrations of the projection optical system, 
movement errors of the mask and stage and so forth may also cause the distortion. Accordingly, the distortion tolerable 
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by the thin-sheet glass (transmitting plate 3) may preferably be X/100 or less. More specifically, It is 

x.^ipi (8) 



and more preferably 



XS^IPI (9) 



Expressions (8) and (9) are substituted for the expression (7) to give 

. ^ 60 n-1 0 3 Mm 

15 

Expression (10) is an expression which represents the above conditions (1) and (3) generally. 
[0078] Then, it Is more preferable to satisfy the following expression (11 ): 

. ^ 200 n-1 p 3 Hi\ 

If the the thin-sheet glass (transmitting plate 3) has a thiclcness smaller than the above, the distortion may be produced 
In a high extent. 

[0079] In order to make the projection exposure apparatus have no serious aben-atlons, it Is also preferable to highly 
25 precisely keep the quality of the thin-sheet glass itself (the quality of materials for the transmitting plate 3), i.e., It is 
preferable for the thin-sheet glass not to have any defects in a size larger than the stated value. Among defects of 
glass plates, bubbles and crusts are discussed here. A light ray having exited the mask spreads in a specific NA. Here, 
with regard to a sheet of glass GR as shown In Fig. 6, its various numerical values are calculated at its middle position 
of glass thickness for simplicity. Light-ray diameter R at the middle thickness of the glass GR Is determined according 
30 to the following expression (12). 

[0080] Here, the NA stands for a numerical aperture of the projection optical system on its wafer side. Meanwhile, 
where any defects such as bubbles and crusts are present in the glass, light rays having entered defective portions of 
^0 the glass GR behave as stray light, or have a vast aberration to cause the aberration of exposure light seriously. Hence, 
the size of bubbles and crusts is tolerable only up to a size of about 1/1 00 of the size of a light ray the exposure light 
has. Accordingly, where the size of diameter of a bubble or crust is represented by A, it follows that 



A<R/10. 

Hence, it is preferable to satisfy the following expression (13). 



50 / \ 



A < — do tan 



sin * 



+ ~rftan(sixi-^-^j (13) 



• «r i ' ~d tan sm t-n* 



55 [0081] If the expression (13) is not satisfied, problems may occur such that a low contrast results at the imaging 
surface (wafer surface) and any specific pattern can not be ressolved. Also, in order to use the mask favorably in 
various projection optical systems, too, the size of bubbles and crusts may preferably be a size of about 1/1 ,000 of the 
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size of a light ray the exposure light has. In such a case, since 

A< R/(10x10\ 
It Is preferable to satisfy the following expression (14). 



10 



A< g^y^Q ^o tani sin" 




(14) 



15 



[0082] If the expression (14) is not satisfied, any specific pattern can not be ressolved in desired pattern line width 
or under desired conditions for illumination in some projection optical systems. 

[0083] Factorial values and condition values of the material for the photomask according to the above Embodiments 
(the material of the transmitting plate 3 is fluorite) are given below in Table 1 . 

(Table 1) 



20 


E=7.73 X 108 (c|/cm2) 




a = 0.26 






F=6.91 X 107(g/cm2) 


25 


p = 3.18(g/cm3) 




a = 7.5 (cm). 






a = 0.0013 






n = 1 .56 




30 


lpl = 4 






X= 157.6 X 10-7 (cm) 




condition (1) 


h ^ 5.97 X 1 0-3 (cm) =59. 7 (jim) 




condition (3) 


h ^ 1.882 X 10-2 (cm) = 188.2 (|im) 


35 


condition (11) 


h ^ 1 .990 X 10-3 (cm) = 199.0 (^m) 




(wherein a = 0.0013) 




condition (11) 


h ^ 6.275 X 10-2 (cm) =627.5 (^im) 




(wherein a = 0.0041) 


40 


condition (d) 


1 AT 1 ^ 0.03 X 




condition (e) 


1 AO 1^0.03 A. 




condition (f) 


1 An 1 X h < 0.03 X 



45 



50 



55 



[0084] The transmitting plate 3 of the photomask in the above Embodiments has a thickness of 5 mm, and hence it 

fulfills the conditions (1), (3) and (11). It also fulfills all the conditions (d) to (f). 

[0085] Factorial values relating the defects such as bubbles are given below In Table 2. 



(Table 2) 


do = 5.5 (mm) 




d = 5.0 (mm) 




NA = 0.75 




lpl = 4 




n = 1.56 




condition (13) 


1 A<0. 2 7 (mm) 
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(Table 2) (continued) 



condition (14) A<0. 086 (mm) (15) 



5 [0086] In the present Embodiment, they fulfill the condition of A < 0.086. 
[Projection Exposure Apparatus] 

[0087] An example of a projection exposure apparatus used to transfer a master pattern of the mask (reticle) 1 shown 
In Figs. 1 A and 1 B, to an exposure-target substrate such as a wafer Is described below with reference to Fig. 7. 
[0088] As shown In Fig. 7, on a reticle stage RSI, the reticle 1 shown In Fig. 1 is held by vacuum attraction at Its 
attracting zones 4A and 4B. The plate 3 having transmission to exposure light is disposed on the pattern surface (under 
surface) 1 P of the reticle 1 at a stated interval via the holding frame 2. 

[0089J Then, at the time of exposure, exposure light IL composed of ultraviolet pulsed light of 157 nm wavelength, 

^5 emitted from an exposure light source 11 consisting of, e.g., an F2 laser light source, illuminates the pattern region on 
the pattern surface IP of the reticle 1 in a uniform illumination distribution via an Illumination system 12 having an 
optical integrator (homogenizer), an aperture strop, a fieldstop (reticle blind), a condenser lens and so forth. Under the 
exposure light IL, an image of the pattern in the illumination region of the pattern surface of the reticle 1 is projected 
on an exposure-target shot region of a wafer 19 coated with a photoresist. The image is projected at a projection 

20 magnification p (p is, e.g., 1/4 or 1/5) via a projection optical system PL which is telecentric on both sides (or on one 
side on the wafer side). The projection optical system PL is constituted of a lens system LI , lenses 16 and 17, an 
aperture stop 1 5 and a lens system L2 which are disposed in order in a lens barrel 1 4, from the reticle side to the wafer 
side. In the following description, a Z-axis is tal<en in parallel to an optical axis /\X of the projection optical system PL, 
an X-axis is taken in parallel to the paper surface of Fig. 7 in a plane perpendicular to the Z-axis, and a Y-axis is taken 

25 In the direction perpendicular to the paper surface of Fig. 7. 

[0090] First, this reticle 1 is held by attraction on the reticle stage RST, which positions the reticle 1 in the XY plane. 
The position of the reticle stage RST is measured with a laser Interferometer (not shown). Meanwhile, the wafer 1 9 Is 
held by vacuum attraction on a wafer holder (not shown), and this wafer holder is fixed onto a sample stand 20. The 
sample stand 20 is placed on an XY stage 21 in the state it is movable in the X-direction and the Y-direction. The 
position in the XY plane of the sample stand 20 Is measured with a moving mirror 22m provided on the sample stand 
20 and with a laser interferometer 22. The resultant measured values are fed to amain control system 24 and a wafer 
stage drive system 23. The wafer stage drive system 23 drives the XY stage 21 in accordance with the measured 
values fed and control information sent from the main control system 24, and performs the positioning of the sample 
stand 20. Also, at the bottom of the sample stand 20, incorporated is a focusingmechanism by means of which the 

35 surface of the wafer 1 9 is focused on the image surface of the projection optical system PL by an autofocusing method 
in accordance with measured values of an autofocus sensor (not shown). 

[0091] An reticle loader 13 is further disposed in the side direction of the reticle stage RST, and the main control 
system 24 controls the motion of the reticle loader 13 so that the reticle held on the projection optical system PL can 
be changed for another. Also, to the main control system 24, a memory unit 25 is connected which is, e.g., a magnetic 
40 disk drive in which exposure data are stored which contain infomnation such as the thickness of a transmitting plate 
(the plate 3 in Fig. 2) for the dustproofing of the reticle to be exposed, the distance between the plate and the reticle 
pattern surface, and so forth. 

[0092] The projection exposure apparatus of the present embodiment is of a stepper type (batch exposure type), 
and hence, after exposure is completed on one shot region on the wafer 19, the sample stand 20 is stepwise moved 

45 via the XY stage 21 , whereby the next shot region on the wafer 19 Is moved to the region exposed by means of the 
projection optical system PL, thus the motion to expose the pattern image of the reticle 1 is repeated. 
[0093] Now, as in the reticle 1 of the present embodiment, where the dustproof-purpose transmitting plate 3 having 
a larger thickness than conventional pellicles is disposed in the course of imaging light rays, i.e., the course extending 
from the pattern surface 1 P to the wafer 1 9, aberrations may occur in the projected image however the plate 3 has an 

50 ideal smoothness. In the case when the projection optical system PL is what is called the both-side telecentric Imaging 
optical system, commonly available at present, the aberration caused by the thick plate 3 may only be spherical aber- 
ration. However, in the case when the projection optical system PL Is an optical system which is not telecentric on the 
reticle side, astigmatism and coma aberration may further occur at surrounding positions of the image. 
[0094] Accordingly, the projection exposure apparatus of the present embodiment Is so made up as to correct aber- 

55 rations previously in the stage of designing the projection optical system PL, Including the thick transmitting plate 3. 
This enables formation of accurate patter images on the wafer 19 even where the plate 3 is provided in the course of 
the imaging optical path as In the reticle 1 of the present embodiment. In this regard, there is a possibility that the 
thickness of the transmitting plate 3 used In the reticle 1 of the present embodiment varies more or less because of 



16 



EP1 158 361 A1 

manufacture errors in the manufacture of the plate. Such variations in thickness may cause changes in the level of the 
aberrations that may be caused by the plate 3. To deal with such changes In the level of aberrations, the lenses 1 6 
and 17 as optical members constituting part of the projection optical system PL of the present embodiment are so 
constructed that they are slightly movable in the direction of the optical axis AX. More specifically, the lenses 16 and 

5 1 7 are set stationary in a lens frame 1 8B, the lens frame 1 8B is held inside an up-and-down mechanism 1 8A, and the 
up-and-down mechanism 1 8A is set stationary in the lens barrel 1 4. The up-and-down mechanism 1 8A and the lens 
frame 18B make up an imaging conditioning mechanism, where the up-and-down mechanism 18A slightly moves the 
lens frame 1 8B In the direction of the optical axis AX (In the direction of Z) by, e.g. , a feed screw method. In accordance 
with control information sent from the main control system 24. 

10 [0095] Every time the reticle on the reticle stage RST is changed for another via the reticle loader 1 3, the main control 
system 24 reads the thickness h of the dustproof -purpose transmitting plate 3 (the plate 3 in Fig. 3) disposed above 
the pattern surface of the reticle to be just being exposed; the thickness being read from an exposure data file recorded 
in the memory unit 25. Then, the extent of drive of the lens frame 18B (lenses 16 and 1 7) for cancelling the level of 
changes in aberration of the projection optical system PL which are caused by this thickness h is detennined, and the 

15 information on this extent of drive is sent out to the up-and-down mechanism 18A. Thus, the position of the lenses 16 
and 17 in the direction of Z is adjusted and ideal imaging characteristics are maintained. 

[00961 The optical condition to be adjusted here Is chiefly the spherical aberration. Hence, when the spherical aber- 
ration is controlled, It is preferable to adjust the position of an optical member provided in the vicinity of the aperture 
stop 15 positioned at the pupil surface of the projection optical system PL. Accordingly, in the present embodiment, 

20 the lenses 1 6 and 1 7 in the vicinity of the aperture stop 1 5 are so set as to be slightly movable. Thus, in the present 
embodiment, the imaging characteristics of the projection optical system PL are corrected in accordance with the 
thickness h of the transmitting plate 3 for dustproofing, and hence, even when there is a scattering in the thickness h 
of the plate, the image of the pattern of the reticle can be transfen'ed onto the wafer in a high precision. 
[0097] Incidentally, when other astigmatism, coma aben-ation and so forth should also be connected, a drive mech- 

25 anism for the corresponding optical members may be provided. In addition, when there is also a scattering In the interval 
between the pattern surface of the reticle 1 and its plate 3, such an interval may be taken Into account to determine 
the extent of correction of Imaging characteristics. 

[Projection Optical System] 

30 

[0098] A numerical example of the projection optical system PL, preferable for the projection exposure apparatus 
described above, is described below. Fig. 8 illustrates the lens construction of a projection optical system designed 
taking account of the thickness of the transmitting plate 3. This projection optical system Is a catadioptric optical system 
having reflection surfaces M1 and M2. Its factorial values are given below in Table 3. Letter symbol NA in the whole 
35 factorial values indicates the numerical aperture on the wafer side; and "Image circle", the radius of the exposure 
region, in the lens data, the first column shows lens surface number counted from the object side; the second column 
r, curvature radius of lens surface; and the third column d, lens surface interval. Also, in the column of aspheric coef- 
ficient, shown are aspheric coefficients obtained when the aspheric surface is represented by the following expression. 

Z = (1/r).y^/[1+(1-(+K)(1/r) V)Va-Y^+B.Y®+C.Y®+ D.Y^°+E.Y^^+F.Y^ VG.Y^^ 

where Z is distance along the optical axis extending from a tangential plane at an apex of the aspheric surface to a 
position on the aspheric surface at a height Y. 

45 

(Table 3) 

(Factorial values) 
NA : 0. 7 5 
magnification: 1 /4 
Image circle (radius) : 8. 2mm 
wavelength of exposure light : 1 5 7 . 6 nm 



50 



55 



17 



I 
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(Table 3) (continued) 





(Lens data) 




suriace numDer 


r 


H 
u 




glass 


5 


object plane 


oo(plane) 


5.5001 








1 


oo(plane) 


5.0000 


thin plate glass 


fluorite 




2 


oo(plane) 


60.7949 








3 


-281.1116 


45.0000 


aspheric surface 1 


fluorite 


lU 


4 


-299.6002 


63.9789 








5 


-1017.4868 


40.0000 




fluorite 




6 


-150.0000 


153.5525 


aspheric surface 2 






7 


275.1888 


35.0000 


aspheric surface 3 


fluorite 


15 


8 


635.6006 


28.2119 






9 


331.5373 


29.9668 


aspheric surface 4 


fluorite 




10 


732.4869 


49.5117 








11 


oo(piane) 


41.7982 


aperture stop 






12 


-561.5812 


20.0000 




fluorite 


20 


13 


-135.2503 


91.7743 


aspheric surface 5 






14 


-136,1220 


32.1863 


aspheric surface 6 


fluorite 




15 


-137.1607 


14.4013 








16 


1971 .3346 


39.9997 


aspheric surface 7 


fluorite 




17 


-231.1087 


53.7569 






25 


18 


198.2050 


30.0000 


aspheric surface 8 


fluorite 




19 


-122.9848 


69.9165 








20 


-117.1135 


20.0000 




fluorite 




21 


137.7481 


10.0000 








22 


366.9033 


223.1538 






23 


-2851 .2448 


45.0000 




fluorite 




24 


-3642.8842 


-45.0000 


rear surface reflecting surface 


fluorite 




26 


-2851.2448 


-223.1538 


primary mirror 






26 


366.9033 


223.1538 




fluorite 


35 


27 


-2851.2448 


45.0000 








28 


-3642.8842 


10.0172 








Imaging plane 


oQ(plane) 


0.0000 








(Aspheric surface data) 


An 


aspheric surface 1 




K= 0.00000 




A=-7.1 5887X1 0-8 


B=-8.48641X10-10 




C=-9.73476X 10-12 


D=+3.78058X10-19 


E=-3.12830Xl0-22 


45 


F=+9.84470x 10-26 


G=-1. 26344X1 0-29 






aspheric surface 2 




K= 0.00000 




A=-1. 35485X1 0-8 


B=-1. 43420X10- 




C=+6.02671X10* 


17 


D=-3.53546Xl0-22 


E=-1 .03079X1 0-24 


50 


F=4-1 .82784X1 0-28 


G=-1. 08066X1 0-32 






aspheric surface 3 




K= 0.00000 




A=-9.50000XlO-8 


B=-1 .55999X1 0-11 


55 


C=-9.69543 X 10-16 


D=-6.43188 X 10-20 


E=-8.86774 X 10-24 




F=+1 .20208 X 10-27 


G=-8.46122 X 10-32 





18 
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(Table 3) (continued) 






(Aspheric surface data) 




aspheric surface 4 


5 


K= 0.00000 


A=-8.081 74x1 0-8 


B=+1 .99825X10-11 




C=+1.75597X10''"5 
F=-2.69584X 10-27 


D=-1. 77830X1 0-20 
G=+3.13958X10-31 


E=-1 .15003X1 0-23 


10 


aspheric surface 5 


IS 


K= 0.00000 

C=+1 .93761X10-15 

F=-3. 70935X1 0-26 


A=+1 .66877x10-7 
□=-1.17318x10-19 
G=+9.78834X 10-30 


B=+1 .2891 6X1 0-11 
E=-1 .50670X10-22 


aspheric surface 6 


20 


K= 0.00000 
C=+3.48613 X ^0'^^ 
F=+1 .82360x10-27 


A=+3.49969x10-6 
□=+1.27207x10-20 
G=-3.50697X 10-31 


B=+2.05934X 10-11 
E=-1. 14309 XI 0-23 




. aspheric surface 7 


25 


K= 0.00000 
C=-3.61 577X1 0-15 

F=+3.81 208X1 0-26 


A=-2.431 96X1 0-7 

□=-3.80628X10-19 

G=-1.36952Xl0-29 


B=-2.52149X10-11 
E=-1 .87774X1 0-22 




aspheric surface 8 


30 


K= 0.00000 

C=+1 .28734x10-16 

F=+1 .7021 OX 10-25 


A=- 1.55943 XI 0-7 
□=+8.98585x10-20 
G=-4.28404X 10-29 


B=-7.21 850X1 0-13 
E=-2.31 981 X.I 0-22 



[0099] Fig. 9 shows transverse aberrations of the projection optical system. As can also be seen from the drawing, 
35 aberrations are kept corrected well even when the reticle 1 having the transmitting plate 3 as described in the above 
embodiments is used. 

[0100] Incidentally, as the projection optical system, also usable in addition to those according to the above embod- 
iments are, e.g., catadioptric projection optical systems disclosed in Japanese Patent Applications Laid-open No. 
11-354436 and No. 8-63502 and dioptric projection optical systems disclosed in WO99/25008. 

40 

(Surface Worl<ing of Photomasic) 

[0101 ] A procedure of working the transmitting plate 3 in order to correct the distortion in the reticle of the embodi- 
ments as described above is described below. The surface working of the transmitting plate 3 is described on two 
45 cases, in which (A) it is carried out in combination of the reticle (mask) with the projection optical system and (B) it is 
carried on the reticle (mask) aione. 

[(A) Procedure of Correcting Distortion in Combination of Reticle (Mask) with Projection Optical System] 

50 [0102] In the first place, before random components of the distortion are connected, symmetric components among 
various aberrations of the projection objective lens PL are corrected. First, the test reticle TR1 having a stated pattern 
formed thereon is placed on the reticle stage RST. This test reticle TR1 has, e.g., as shown in Fig. 1 0A, a pattern region 
PA1 and a light-screening band LSTwhich surrou nds this pattern region PA1 . Then, though not shown in Fig. 1 0A, the 
transmitting plate disposed apart by a stated interval from the pattern region PA1 is provided on the test reticle TR1 . 

55 Incidentally, this transmitting piate has a known thickness and a known figure (surface shape). Here, the transmitting 
plate has the same thickness as the thickness of the transmitting piate 3 provided on the reticle used actually. Next, 
the test reticle TR1 is subjected to Koehler illumination by the exposure light of the illumination system 12. The light 
coming from the test reticle TR1 thus illuminated reaches the wafer 1 9 coated with a photosensitive material such as 
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a resist, through the transmitting plate 3 and the projection objective lens PL to fomri on the wafer 1 9 a pattern image 
of the test reticle TR1 . Thereafter, the wafer 1 9 is subjected to development, and a resist pattern image formed by this 
development is measured with a coordinate measuring Instrument. Thereafter, the adjustment of intervals of optical 
members and the adjustment of tilt-shift of the optical members are made in accordance with the infonmation of the 
5 resist pattern image thus measured, to connect aben'ations other than the random components of distortion. 

[0103] Incidentally, in the correction of aberrations, it is preferable to take account of the aberration caused by the 
figure (surface fonn) of the transmitting plate (not shown) provided on the test reticle TR1 . 

[01 04] After the aberrations other than the random components of distortion have been corrected, the random com- 
ponents of distortion are corrected. First, in place of the test reticle TR1 used for the above correction, a test reticle 

10 TR2 as shown in Fig. 1 0B is placed on the reticle stage RST This test reticle TR2 has a plurality of cross marks Mq o 
to Mq 8 arranged in matrix, i.e., arranged on lattice points of a square lattice, in a pattern region PA2 surrounded by 
the light-screening band LST for screening the exposure light, and is, like the test reticle TR1 , provided with a trans- 
mitting plate disposed apart by a stated interval from the pattern region PA2. The transmitting plate of the test reticle 
TR2 also has a known thickness and a known figure (surface shape), and also the transmitting plate has the same 

15 thickness as the thickness of the transmitting plate 3 provided on the reticle used actually. Incidentally, the cross marks 
Mq 0 to Mq 8 of the test reticle TR2 may also be provided on the pattern region PA1 of the reticle TR1 , I.e., the reticle 
TR1 and the test reticle TR2 may be used in common. 

[0105] Next, referring back to Fig. 7, the test reticle TR2 on the reticle stage RST is illuminated by exposure light of 
the illumination system 12. The light coming from the test reticle TR2 thus illuminated reaches the exposure region of 
20 the wafer 1 9 coated with a photosensitive material such as a resist on its surface, through the transmitting plate 3 and 
the projection objective lens PL to form on the wafer 1 9 a pattern image (latent image) corresponding to the cross 
marks Mq q to Mq q of the test reticle TR2. Thereafter, the wafer 19 Is subjected to development to make into a pattern 
the cross marks Mq q to Mq 3 thus exposed. 

[0106] The cross marks made Into a pattern in the exposure region EA on the wafer 19 are shown in Fig. 10C. 

25 Incidentally, in Fig. IOC, ideal imaging positions which are imaging positions when the projection optical system is an 
ideal optical system (aberration-free optical system) are indicated by dotted-line intersection points. In Fig. IOC, what 
corresponds to the image of a cross mark Mq g on the reticle 1 is a cross pattern element Pq^qi what corresponds to 
the Image of a cross mark M1 ,0 on the reticle 1 is a cross pattern element P^ q, what corresponds to the image of a 
cross mark Mg q on the reticle 1 is a cross pattern element Pg 3, and the subsequent cross marks and cross pattern 

30 elements correspond likewise. 

[0107] Thereafter, respective XY coordinates of the cross pattern elements Pq 0 to Pq q formed on the wafer 1 9 are 
measured with a coordinate measuring instrument. In the present embodiment, light rays coming from the cross mari(s 
Mq Q to Mq Q collected on the cross pattern elements Pq q to Pg q, respectively, are displaced to ideal imaging positions 
of the cross pattern elements PqqXo Pgg by working the figure (surface form) ofthe transmitting plate 3. In the following, 

35 how to specifically calculate the figure (surface forni) of the transmitting plate 3 is described. 

[0108] As shown In Fig. 7, the transmitting plate 3 is disposed in the course of the optical path extending between 
the projection objective lens PL and the reticle 1 . This position is a position where light rays having a relatively slender 
numerical aperture (N.A.) pass. Accordingly, when the imaging positions are displaced by means of the transmitting 
plate 3, the displacement of the principal ray among light rays displaced by changing the figure (surface form) of the 

40 transmitting plate 3 may typically be taken Into account. 

[0109] Here, where an extent of distortion which is the extent of deviation of the cross pattern elements Pq q to Pg q 
from the ideal imaging positions shown in Fig. 10C is represented by w, and an extent of change in angles of normals 
on the surface of the transmitting plate 3 at principal-ray pass points which are the points where the principal rays 
coming from the cross marks Mq q to Mg 3 pass the transmitting plate 3 Is represented by 6, the following Is established. 

45 

w=p.LR(n-1).e (16) 

In the above, the extent of change in angles, 9, concerns the normals of the transmitting plate 3 surface standing as 
50 a reference before working; p is transverse magnification of the projection optical system; Lp, is distance along the 
optical-axis direction, between the reticle 1 and the transmitting plate 3 surface to be wori<ed; and n Is refractive Index 
of the transmitting plate 3. Also, In the expression (16), the transmitting plate 3 surface to be worked Is set to be the 
surface on the wafer 1 9 side. 

[0110] Thus, surface nonnals at the principal-ray pass points of the transmitting plate 3 surface can be detenmined 
55 from the above coordinates of the cross pattern elements Pq q to Pgg as measured with a coordinate measuring in- 
strument, and from the extent of distortion which is the extent of deviation from the ideal imaging positions. This can 
settle the surface normals of the transmitting plate 3 at the respective principal-ray pass points, but the surface of the 
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transmitting plate 3 can not be in a continuously connected fomri. Hence, in the following procedure, It is made Into a 
continuously connected surface fonn by the use of a curved-surface interpolation fomnula on the basis of the surface 
normals at the principal-ray pass points. 

[0111] Here, various types are available as the interpolation formula. As an interpolation formula used in the present 

5 embodiment, the one according to the Coons fonnula which interpolates curved surfaces on the basis of coordinates 
of points and tangential vectors at the coordinates is preferred because surface nonnais are known and the tangential 
vectors of the surface at the principal-ray pass points can be determined from the surface normals. However, where 
as shown in Fig. 11 A tangential vectors Gq and at coordinates adjoining each other at points Qq and are both 
equal for example, curved lines (curved surfaces) to be interpolated may undulate. Such a problem may occur. 

10 [0112] In the present embodiment, where distortions caused by principal rays passing the principal-ray pass points 
adjoining each other are in an equal extent, it Is effective to make equal the extent of distortion also between these 
principal-ray pass points adjoining each other. Here, where the curved lines (curved surfaces) to be interpolated un- 
dulate as shown in Fig. 1 1 A, the extent and direction of distortion between the principal-ray pass points adjoining each 
other may change one after another. Thus, there is a possibility that not only the random components of distortion can 

15 not be corrected but also any additional random components of distortion may be caused between measuring points. 
[0113] Accordingly, in the present embodiment, in order to make the extent of distortion equal between the principal- 
ray pass points adjoining each other, too, as shown in Fig. 11 B a vector component in the direction of Z of the tangential 
vector % at the coordinate Qq is added to the coordinate adjoining to the coordinate QO, as a height Z1 in the 
direction of Z. Thus, even where the tangential vectors at the coordinates Qq and adjoining each other are both 

20 equal, the curve to be interpolated can substantially be straight-line between these coordinates Qq and Q1 , and the 
principal ray which passes between these coordinates Qq and is refracted at substantially equal angles. Hence, 
where the distortions caused by principal rays passing the principal-ray pass points adjoining each other are in an 
equal extent, the extent of distortion can be made equal between these principal-ray pass points adjoining each other, 
too. 

25 [0114] The procedure of curved-surface interpolation in the present embodiment is specifically described below with 
reference to Figs. 12Ato 12E. Incidentally, in Figs. 12Ato 1 2 E, the XYZ coordinate system is employed. 

[Step1] 

30 [0115] First, as shown in Fig. 12A, XYZ coordinates are taken on the surface to be worked 110a of the transmitting 
plate 3. Incidentally, in Fig. 12A, the principal-ray pass points Qq andQ^ at which the principal rays going ahead to the 
cross pattern elements Pq q to Pq q shown in Fig. 12B from the cross marks Uq q to Ms 3 shown in Fig. 10B pass the 
transmitting plate 3 are shown by dotted-llne cross points. Here, nomrial vectors at the respective principal-ray pass 
points Qq and detemiined according to the above expression (16) are indicated as 6jj (where, in the present em- 

35 bodiment, i = 0 to 8, j = 0 to 8, i.e., 60,0 to and heights in the direction of Z at the respective principal-ray pass 
points Qo,o and Qg^ are indicated as Z,j (where. In the present embodiment, i = 0 to 8, j = 0 to 8, I.e., Z0.0 anci Zg^a). 

[Step 2] 

40 [0116] Next, as shown in Fig. 128, a principal-ray pass point Qqq which is the extreme point on the Y-axIs among 
the principal-ray pass points Is regarded as Zq q = 0 as a base in the Z-axis direction. 

[Step 3] 

45 [01 17] On the basis of the normal vector 60,0 of the principal-ray pass point Qq q, height Zq ^ in the direction of Z at 
a principal-ray pass point Qq 1 of the coordinate adjoining to the principal-ray pass point Qq q on the Y-axIs is calculated 
according to the following expression. 

50 = 2oj.i+eyoj.i(yoj-yoj.i) (^7) 

where; 

0yoj: a vector component of the Y-axis direction of a normal vector Ooj at a principal-ray pass point Qoj; and 
55 y^j: a component of the Y-axis direction of a coordinate value obtained when the principal-ray pass point Qq q at 

the principal-ray pass point Qqj is taken as an original. 
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[011 8] In this step 3, the height Zq^i in the direction of Z at the principal-ray pass point Qq.i is calculated on the basis 
of the above formula (17), according to: 

5 Zo.i = Zo.o+Gyo.o(yo.ryo.o)- 

[Step 4] 

[01 19] On the basis of the above formula (1 7), heights Z0,2 to Z0,8 in the direction of Z are calculated in respect of 
10 principal-ray pass points Q0,2 to Q0,8 on the Y-axis. 

[Step 5] 

[0120] On the basis of the normal vector % q of the principal-ray pass point Qq q, height Z^ q in the direction of Z at 
'5 a principal-ray pass point Q^ q of the coordinate adjoining to the principal-ray pass point Qq q on the X-axis is calculated 
according to the following expression (18). 



Z|.o = Z|.i.o+GX|.i,o(Xi.o-XM.o) (^S) 

where; 

ex, Q. a vector component of the X-axis direction of a normal vector 61,0 at a principal-ray pass point Q| q; and 
Xj q: a component of the X-axis direction of a coordinate value obtained when the principal-ray pass point Q^o 
the principal-ray pass point Qj q is taken as an original. 

[0121] In this step 5, the height Z^ q "n the direction of Z at the principal-ray pass point q 's calculated on the basis 
of the above formula (18), according to: 

^1,0 ~ ^o.o'*"^^o.o ('^i, 0*^0,0) ■ 

[Step 6] 

35 [0122] On the basis of the above fomiula (1 8), heights Zg^o to Zq q in the direction of Z are calculated in respect of 
principal-ray pass points Q2 0 to Qa.o o" t^® X-axis. 

[Step 7] 

^0 [01 23] As shown in Fig. 1 20, height Zj j in the direction of Z each in the order close to the original Qq^o among principal- 
ray pass points to Qg g held between the X-axis and Y-axis Is calculated according to the following expression (1 9). 

Zij = ttZMj+exHj(x,j-XHj)MZ,j.i+ey,j.i(y,j-y,j.i)])/2 (19) 

45 

[0124] In the step 7, first the height Z^ j in the direction of Z at the principal-ray pass point ^ which is closest to 
the original Oq q Is determined. Here, the height Z^ 1 in the direction of Z at the principal-ray pass point j is calculated 
on the basis of the above fomriula (19), according to: 

50 

= {[Zo.i+^xoj(xi.i-xoi)]+[Zio+eyi,o(yi.*<"yi.o)]V2. 

In the step 7, as shown In Fig. 12D, after the height Z-, ^ in the direction of Z at the principal-ray pass point 0^ ^ has 
been calculated, Z^ 2> ^2.1- ^2.2 A^ '^q,q the direction of Z at principal-ray pass points 2' ^2.1' Q2.2-Qij-Q8.8 
are calculated in the order close to the original Qq.o according to the above expression (1 9). 



25 



22 



EP1 158 361 A1 



[Step 8] 

[0125] On the bases of i) the Zq q to Zg g at the principal-ray pass points Qq q to Qg g, detemrilned In the above steps 
1 to 7, il) the XY coordinates of the principal-ray pass points Qq o to Qg g and iii) the tangential vectors at the principal- 
5 ray pass points Qq q to Qg g, detennined from the surface normal vectors Gq o to Og g at the principal-ray pass points 
Qoo to Qggp the curved surface Is spanned by the Qoons-Patch's method. More specifically, Qoons-Patch's control 
points are regarded as the XYZ coordinates at the principal-ray pass points Qq q to Qg g, and their tangential vectors 
are regarded as the tangential vectors detennined from the surface nonnal vectors 60,0 to Gg g at the principal-ray pass 
points Qg 0 to Qg g. 

10 [0126] By the curved-surface interpolation according to the Qoons-Patch's method in this step 8, a curved surface 
as shown in, e.g., Fig. 12E can be obtained. Incidentally, in the above steps 1 to 8, base lines in the XY directions, 
obtained In the steps 3 to 6, are set on the X-axis and Y-axis. Alternatively, these may be so set that the base lines in 
the XY directions pass the optical axis. In such a case, the following step A may be executed between the above steps 
6 and 7. 

IS 

[Step A] 

[01 27] An offset in the direction of Z is put on the Y-axis and X-axis at the height in the direction of Z at their principal- 
ray pass points, calculated in the above steps 3 and 6, In such a way that the height In the direction of Z at the point 

20 the optical axis passes comes to be 0. 

[0128] Where the measuring points of distortion, i.e., the marks on the test reticle are not arranged on the lattice 
points of the square lattice, the height in the direction of Z and surface nomnal vectors at the lattice points of a square 
lattice which con-espond to medium points of the respective measuring points are interpolated. Stated specifically, the 
height in the direction of Z and surface normal vectors at the measuring points of distortion which surround the lattice 

25 points of the square lattice at which the height in the direction of Z and surface normal vectors are to be determined 
may be multiplied by the distance, calculated as weight, extending from the measuring points of distortion to the lattice 
points of the square lattice. 

[0129] Incidentally, in the steps 1 to 8 described above, only the Information on the inside of the measuring points 
of distortion is used. In order to make the transmitting plate 3 have a smoother figure (surface form) as a member to 
30 be worked, the lattice points may be taken on the outside of principal-ray pass points present on the outennost side 
(the side standing apart from the optical axis) among the principal-ray pass points corresponding to the measuring 
points of distortion, and height in the direction of Z and surface nomnal vectors at such measuring points may be 
interpolated from height In the direction of Z and surface nonnal vectors at the principal-ray pass points present on the 
outermost side. 

35 [0130] Where the transmitting plate of the test reticle TR2 used at the time of measurement has an ideal figure 
(surface fomri), the figure (surface fomn) for correcting the extent of distortion measured as described above may be 
imparted to the transmitting plate 3 of the reticle used actually However, where the transmitting plate of the test reticle 
TR2 has not any ideal figure (surface fomn), the distortion ascribable to errors in figure ( surface form) of the transmitting 
plate of the test reticle TR2 adds to the distortion measured as an offset. Accordingly, it is preferable to regard as a 

40 known factor the errors in figure (surface fonn) of the transmitting plate of the test reticle and to subtract from the 
measured distortion the distortion ascribable to the errors In figure (surface fomri) of the transmitting plate of the test 
reticle TR2. 

[0131] Next, the reticle 1 having the transmitting plate 3 is detached from the projection optical apparatus shown in 
Fig. 7, and the su rface of the transmitting plate 3 thus detached is woriced in accordance with the data of figure (surface 
45 form) of the transmitting plate 3, obtained through the steps 1 to 8. Here, since the random components of distortion 
are corrected, the transmitting plate 3 in the present embodiment has a figure (surface fomn) which is random and 
undulates irregularly. Accordingly, in the present embodiment, a polishing apparatus as shown in Fig. 13 is used. 
Incidentally, the apparatus shown in Fig. 13 employs the XZ coordinate system. 

[0132] In Fig. 13, the transmitting plate 3 is placed on a stage 121 movable in the XY directions, and its one end 
50 comes in contact with a pin 121 a provided on the stage 121 . Also, a drive unit 122 which makes the stage 121 move 
over the XY directions Is controlled by a control unit 120. In order to detect the position of the stage 121 in the XY 
directions when it is moved by means of the drive unit 122, the stage 121 is provided with a detector unit consisting of 
an encoder, an interferometer and so forth. Signals of detection by this detector unit 1 30 are sent to the control unit 1 20. 
[0133] A polishing tray 123 is also attached to one end of a rotating shaft 125 via a holder 124, and is rotatable 
55 around a shaft standing in the direction of Z in the drawing. To the other end of this rotating shaft 1 25, a motor 126 is 
attached which is controlled by the control unit 120. A bearing 127 which supports the rotating shaft 125 rotatably is 
so provided as to be movable in the direction of Z with respect to a supporting section 128 fixed to the main body (not 
shown). To this supporting section 120, a motor 129 Is attached which is controlled by the control unit 120. The bearing 
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127 moves over the direction of Z by the action of this motor, and besides the polishing tray 123 moves over the 
direction of 2. Here, the holder 1 24 which holds the polishing tray 1 23 Is provided with a sensor (not shown) for detecting 
the pressure of contact between the polishing tray 123 and the transmitting plate 3, and outputs from this sensor are 
sent to the control unit 120. 

5 [01 34] Next, to briefly describe the motion of the polishing apparatus shown in Fig. 1 3, first, the figure (surface fonn) 
data obtained through the steps 1 to 8 described above are inputted to the control unit 120. Thereafter, the control unit 
1 20 makes the stage 1 21 to move over the XY directions via the drive unit while making the polishing tray 1 23 rotate. 
More specifically, the polishing tray 1 23 moves in such a way that it follows the working surface 11 Oa of the transmitting 

plate 3 over the XY directions. Here, the amount of polishing at the working surface 110a of the transmitting plate 3 
10 depends on the pressure of contact between the working surface 1 1 0a and the polishing tray 1 23 and on the residence 
time of the polishing tray 1 23. 

[0135] Thereafter, the transmitting plate 3 thus worked by means of the polishing apparatus shown In Fig. 13 Is 
subjected to vacuum deposition to form an anti reflection film thereon, and the reticle 1 , having the transmitting plate 
3 thus worked, is placed on the reticle stage RST of the projection optical apparatus shown in Fig. 7. Incidentally, the 
15 polishing tray 123, which is fixed in the XY directions in the polishing apparatus shown in Fig. 13, may be made to 
move while the stage 121 is made to move in the XY directions. 

[0136] Incidentally, what has been described in the foregoing is the correction of random components of distortion. 
This method is not limited to the correction of random components of distortion, and Is applicable to the correction of 

asymmetric aberration. 

20 [0137] In the foregoing embodiment, the transmitting plate is provided on the test reticles TR1 and TR2. This trans- 
mitting plate, however, may be omitted. In such a case, as in an embodiment shown in Figs. 15A and 15B, described 
later, the pattern-fomried region PA1 or PA 2 of the test reticle TR1 or TR2 may be displaced from the reference surface 
In the direction of the optical axis in order to correct aberrations caused by the thickness of the transmitting plate 3 
provided on the reticle used actually. 

25 [0138] Incidentally, in place of the displacement of the pattern -formed region PA1 or PA 2 of the test reticle TR1 or 
TR2 In the direction of the optical axis, the position or posture of some optical members constituting the projection 
optical system may be altered. 

[0139] In the foregoing, described Is an instance in which the surface working of the transmitting plate 3 Is carried 
out so as to correct the distortion in combination of the reticle (mask) with the projection optical system. In the following, 
30 the surface working of the transmitting plate 3 is carried out so as to correct the distortion on the reticle alone. 

[(B) Procedure of Correcting Distortion on Reticle (IVIask) Alone] 

[01 40] First, respective XY coordinates of the cross marks Mq o to Mq g of the test reticle TR2 shown In Fig. 1 0B are 
35 measured with a coordinate measuring Instrument. Next, respective XY coordinates of the cross pattern elements P^ q 
to Pq 8 fomied in the state the pattern surface 1 P is provided are measured with a coordinate measuring instmment. 
Then, the procedure described previously is repeated to work the figure (surface form) of the transmitting plate 3 to 
displace the cross pattern elements P^ q 'd^^' positions. Incidentally, In the case when the test reticle has 

the pattern as shown in Fig. 1 0A, it is commonly difficult to decide what position of the pattern be measured. Accordingly, 
40 in such a case, it is preferable to find each pattern position according to the procedure of interpolation made when the 
marks on the test reticle are not arranged on the lattice points of the square lattice. 

[0141] In the foregoing, errors In pattern position of the test reticle TR2 are corrected. This method is also applicable 
to reticles used actually. 

45 (Third Embodiment) 

[0142] Third Embodiment of the present invention Is described below with reference to Figs. 14Ato 14C. Incidentally, 
Figs. 1 4A to 1 4C illustrate only a transmitting plate 3 provided on the side of the pattern-fomried surface of a photomask, 
disposed apart by a stated interval from the pattern-formed surface. Here, as a method of supporting the transmitting 
50 plate 3 on the photomask, the method in the above First Embodiment and Second Embodiment may be used. Where 
the transmitting plate 3 the photomask has is substantially flat on Its both surfaces, the angle formed by the both 
surfaces each other being represented by 6, the fringes of equal-thickness Interference may less occur when 

X/4n < e (22) 

Is satisfied. Here, X represents wavelength of light used when the flatness of the surface Is measured; and n, refractive 
index of the transmitting plate 3 at that wavelength. 
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[0143] This is described with reference to Fig. 14A. In Fig. 14A, when X = 0, showing a dark line, the number m of 
stripes when X = Xm and X is from 0 to Xm is represented by the following expression. 

^ m-X = 2n.hm = 2n.Xm.G (23) 

[0144] Here, with an increase In pitches of the stripes, interference fringes have denser intervals to gradually become 
unobservable. Taking account of the resolving power of the human naked eye, pitches of fringes which become unob- 
servable are presumed to be 1 llne/2 mm or more. This gives 

10 

m/Xm = 2e-n/A, (mm) ^ 1/2 (line/mm) 

, and therefore 

15 

X/4n < e (22) 

is the condition where the fringes of equal-thickness interference become unobservable. 
20 [01 45] Here, the light for the measurement of flatness need not be visible light. However, taking account of practical 
utility, the lower-limit value of X is considered to be 



25 



30 



35 



40 



45 



X = 360 nm. 

Also, the transmittance can be ensured with exposure light of 200 nm or shorter wavelength, and, as a material having 
a high refractive index, BaFg is known for example. The refractive index of BaFa at 360 nm is, taking account of a 
scattering, too, 

n(BaF2,360 nm) <, 1.50. 

Therefore, 

X/4n = 360Xl0"V4Xl-50 
= 6.0X10'^ (rad) 
= 12.4". 

Thus, the lower-limit value of the condition (20) given previously may preferably be 12.4". 

[01 46] Figs. 1 4B and 1 4C show a state where the transmitting plate 3 the photomask has is provided with an Incline. 
The transmitting plate 3 Is made of quartz and has a thickness of 0.1 mm. Also, the incline is standardized as 

25"^e^1' (24). 



[0147] When the figure tolerance (surface precision) is measured at a wavelength of 633 nm, refractive index n of 
50 the transmitting plate 3 at wavelength X = 633 nm is 1 .4571 . Therefore, 

X/4n = 6.33X10"*/4X1.4571 

55 
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= 1.086X10"'* (rad) 
= 22.4". 

5 

Hence, the standard (24) in the present embodiment is understood to fulfill the condition (20). 

[0148] The transmitting plate 3 also has an antiref lection coating on each surface, and the surfaces on both the 

photomask side and the projection lens side are each constituted of a double-layer film of LaF3/l\4gF2 in order from the 

plate. 

10 

(Fourth Embodiment) 

[0149] Figs. 14D and 14E Illustrate the construction of a transmitting plate 3 a photomask according to Fourth Em- 
bodiment of the present invention has. incidentally, Figs. 14D and 14E illustrate only the transmitting plate 3, and the 
15 photomask and the holding frame are omitted. Here, as a method of supporting the transmitting plate 3 on the photo- 
mask, the method In the above First Embodiment and Second Embodiment may be used. 

[0150] The transmitting plate 3 in Fourth Embodiment is also provided with an incline. The transmitting plate 3 is 
made of fluorite and has a thickness of 0.3 mm. The Incline of the transmitting plate is standardized as 

20 

30"^e<1' (25). 

[0151] When the figure tolerance (surface precision) Is measured at a wavelength of 550 nm, refractive index n of 
the transmitting plate 3 (fluorite) at wavelength X - 550 nm is 1 .4349. Therefore, 

25 

kJAtl = 5.50X10"V4X1.4349 
= 9.583X10*^ (rad) 

30 

= 19.8". 

Hence, the standard (25) in the present embodiment Is understood to fulfill the condition (20). 
[0152] The transmitting plate 3 also has an antireflection coating on each surface, and the surfaces on both the 
35 photomask side and the projection lens side are each constituted of a five-layer film of MgF2/LaF3 MgF2/LaF3/l\/lgF2 
in order from the plate. Incidentally, as the number of layer of the antireflection coating, the film Is not limited to the 
double layer or five layer multiple layers, and may be a single-layer film. 

(Fifth Embodiment) 

40 

[0153] Fifth Embodiment is described with reference to Fig. 14F, In which the surface of a transmitting plate 3 the 
photomask has Is provided with a curvature. Think about an instance where the top surface of the transmitting plate 3 
bas a curvature ^ as shown in Fig. 14F. Here, a curvature which is convex on the top surface is regarded as positive 
curvature. Sine a gentle curvature is assumed, where in Fig. 14F the distance from a point of intersection with a tan- 
gentiai plane parallel to the bottom surface is represented by x, h can be approximated by the conventionally known, 
following Newton-Ring's fonnula: 

h = -x\l2 (26). 

50 

[0154] Here, In this transmitting plate 3, there Is a possibility that interference fringes are observable, and it becomes 
necessary for the surface to have an inclination when, as stated previously In Third Embodiment, x = 2 mm and 

55 X > 2nh (27), 

where n is refractive index of the transmitting plate 3 in wavelength A.. 



26 



EP1 158 361 A1 



[0155] When x = 2 mm is set in the expression (26) and substituted for the expression (27). it follows that 

(|) ^ -X/(4n) (28). 

5 

[0156] Aiso when converseiy the transmitting piate 3 has a curvature which is convex on the top surface, the same 
argument as the above is established, giving, In combination with the expression (28), 

-Xy(4n) < <t> < X/4 (29). 

[0157] Incidentally, an instance in which the top surface of the transmitting plate 3 has a curvature is assumed here, 
but the bottom surface may have a curvature. In short, what is important Is the difference in power between the top 
surface and the bottom surface of the transmitting plate 3. Where the power of the top surface is represented by (|>1 , 
15 and the power of the bottom surface by (|)2 (<t) > 0 in the case of convex surface), the expression (29) is generalized in 
the following way. 

-X./(4n)<<t)1+(t)2^X/4 (30). 

20 

[01 58] When the lower-limit value and upper-limit value of the expression (30) are detennined, it follows that X < 800 
nm if the wavelength X is that of visible light. Also, the transmittance can be ensured at a wavelength of 200 nm or 
shorter and also LIF is known as a material having a low refractive Index, which has a refractive index of n ^ 1 .388. 
[0159] Therefore, the expression (30) comes to be 

25 

-1/6940 < (t>1+(l)2 < 1/5000 (unit: 1/mm). 

(Sixth Embodiment) 

30 

[0160] Sixth Embodiment of the present invention is described below with reference to Figs. ISA and 15B. In the 
above embodiment shown in Fig. 7, in order to correct the aben-ations caused by the thickness of the transmitting plate 
3, the correction of aben-ations is made on the projection optical system, inclusive of that of the thick transmitting plate 
3, and the aberration variations ascribable to errors in the manufacture of the transmitting plate 3 are corrected by 

35 adjusting the position or posture of some optical members constituting the projection optical system. In Sixth Embod- 
iment described below, the aberration variations ascribable to errors in the manufacture of the transmitting plate 3 are 
corrected by altering the distance between the projection optical system and the photomask 1 . 
[0161] Figs. 15A and 15B are side views of a photomask 1 according to Sixth Embodiment. Incidentally, In Sixth 
Embodiment, as a method of supporting the transmitting plate 3 on the photomask 1 , the method in the above First 

40 Embodiment and Second Embodiment may be used. 

[01 62] The photomask 1 shown in Fig. 1 5A has a pattern region 1 P in which a master pattern is formed, and a cutout 
surface K provided at the part where it comes Into contact with the reticle stage of the projection exposure apparatus 
(the region where It is attracted by the reticle stage). A rectangular frame-like member, holding frame 2 Is provided at 
the position surrounding the pattern region 1 P at the under surface of the photomask 1 (the surface on the side of the 

45 pattern region 1 P). Then, the transmitting plate 3 is fixed by the holding frame 2. 

[0163] Incidentally, the holding frame 2 and the transmitting plate 3 may be made of the same material as that used 
in the previous embodiments. As a method of attaching the holding frame 2 to the photomask 1 and a method of 
attaching the transmitting plate 3 to the holding frame 2, the same methods as those in the above First Embodiment 
and Second Embodiment may be used. 

50 [01 64] Because of a level difference (distance In the direction of a normal on the pattern-fomied surface) AG between 
the cutout surface K of the photomask 1 and the pattern region 1 P as shown in Fig. 1 5A, the pattern region 1 P is set 
on the side lower than the mask reference surface determined by the reticle stage (i.e.. on the projection optical system 
side or the wafer side). A method of determining this level difference AG is described below. 
[0165] Optical path length between the pattern -fonned surface 1 P and the projection optical system changes with 

55 variations of the thickness h of the transmitting plate 3. Here, no aberration stands occurred at all on wavef rents in the 
optical path extending from the pattern-fomried surface 1P to the projection optical system. Hence, as long as the 
optical path length between the pattern-fonned surface 1 P and the projection optical system is kept constant, the state 
of the wavefront entering the projection optical system does not change and the aben-ations of the projection optical 
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system do not vary. In the present embodiment, the level difference AG Is provided so that the distance between the 
pattem-formed surface 1 P and the projection optical system can be changed to compensate changes In optical path 
length which are caused by the variation of the thickness h of the transmitting plate 3, to prevent aberrations from 
varying. 

5 [0166] The example shown in Fig. 15A corresponds to an instance In which aberrations of the projection optical . 
system have been corrected In the state the transmitting piate 3 is not present (i.e., h = 0). In order to cancel the portion 
of an increase In optical path length, caused by the thickness h of the transmitting plate 3, the distance of the pattem- 
fomied surface 1 P for the projection optical system is narrowed by AG. Here, where the refractive Index at exposure 
wavelength in an atmosphere in the optical path extending between the pattern-formed surface 1 P and the projection 

10 optical system is represented by no, and the refractive index of the transmitting plate 3 at exposure wavelength by n, 
it follows that 

AG = (no'h) - (n-h). 

15 

[0167] in the example shown in Fig. 15A, taken into account is an instance in which aberrations of the projection 
optical system have been corrected or an instance in which the interval between the pattern-formed surface 1P and 
the projection optical system has been set, assuming a case in which the transmitting plate 3 has a thickness h of 0. 
As for the example shown In Fig. 15B, it is an example of an instance in which aberrations of the projection optical 

20 system have been corrected or an instance in which the interval between the pattern -fonmed surface 1 P and the pro- 
jection optical system has been set, assuming a case in which the transmitting plate 3 has a thickness h of a stated value. 
[01 68] The example shown in Fig. 1 5B Is set up on the assumption that aberrations of the projection optical system 
have been connected or the interval between the pattern-formed surface 1 P and the projection optical system has been 
set when the transmitting plate 3 has a thickness h of 0.5 mm. In the example shown in Fig. 15B, since the transmitting 

25 plate 3 has a thickness h smaller than 0.5 mm, the photomask 1 Is provided with a protrusion D at its part coming into 
contact with the reticle stage of the projection exposure apparatus (the region where it is attracted by the reticle stage). 
[01 69] Level difference (distance between the part coming into contact with the reticle stage and the pattern -formed 
surface IP in the direction of a nonmal on the pattem-fomied surface) AG at this projection is, where the extent of 
variation from the thickness reference value 0.5 mm of the transmitting plate 3 is represented by Ah, 

30 

AG = (no-Ah) - (n-Ah). 

[0170] Incidentally, in the example shown in Fig. 1 58, the protrusion is provided in afornn integral with the photomask, 
35 but need not be an integral member, and may be a spacer as an Independent member. Here, taking account of the 
attraction (e.g., vacuum attraction or electrostatic attraction) of the photomask 1 to the reticle stage, the spacer as an 
independent member may preferably be fixed to the photomask by bonding or by optical contact. 

(Seventh Embodiment) 

40 

[0171] In Sixth Embodiment as shown In Figs. 15A and 158, the photomask 1 is provided with the cutout surface K 
or the protrusion D so that the optical path length between the pattern-fonned surface 1 P of the photomask 1 and the 
projection optical system can be kept constant. The optical path length can also be kept constant by providing the 
reticle stage supporting the photomask, with a mechanism which changes the interval between the pattern-formed 

45 surface 1 P and the projection optical system. 

[0172] Fig. 16 illustrates the construction of a projection exposure apparatus according to Seventh Embodiment. 
Members having the same function as that shown in Fig. 7 are denoted by like reference numerals. In the following, 
the same construction as that in Fig. 7 is omitted from description for simplification of the description. 
[0173] In the projection exposure apparatus shown In Fig. 1 6, what differs from the construction shown In Fig. 7 is 

50 that a reticle stage up-and-down mechanism M for making the position of the photomask 1 adjustable in the direction 
of Z is provided. 

[0174] In the projection exposure apparatus shown in Fig. 7, the aberration variations ascribable to thickness vari- 
ations of the transmitting plate 3 of the photomask 1 are corrected by adjusting the position or posture of some optical 
members constituting the projection optical system PL. In the embodiment shown in Fig. 1 6, the variations are corrected 
55 by adjusting the interval between the pattern-formed surface 1 P of the photomask 1 and the projection optical system 
PL. 

[0175] As shown in Fig. 16, every time the reticle on the reticle stage RST is changed for another via the reticle 
loader 13, the main control system 24 reads the thickness h of the dustproof-purpose transmitting plate 3 disposed 
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above the pattern surface 1 P of the photomask 1 to be just being exposed; the thickness being read from an exposure 
data file recorded in the memory unit 25. Then, the extent of drive of the reticle stage up-and-down mechanism M for 
cancelling the level of changes in aben^atlon of the projection optical system PL which are caused by this thickness h 
is detennlned, and the infomnation on this extent of drive is sent out to the reticle stage up-and-down mechanism M. 

5 Thus, the Interval between the pattern-fonned surface 1 P of the photomask 1 and the projection optical system PL is 
adjusted and Ideal Imaging characteristics are maintained. Incidentally, the extent of drive of the reticle stage up-and- 
down mechanism M can be calculated in the same manner as in Sixth Embodiment described above. 
[0176] In the embodiment shown in Fig. 16, in the exposure data file recorded in the memory unit 25, not only the 
Infonnation concerning the thickness h of the transmitting plate 3 but also the information concerning the figure (surface 

10 form) such as curvature and Inclination of the transmitting plate 3 may be kept stored so that the Infomnation concerning 
the figure (surface form) can also be utilized. In such a case, the main control system 24 determines the extent of 
change in position and posture of some optical members (e.g., lenses 16 and 17) in the projection optical system PL 
which is to cancel the level of changes in aberration of the projection optical system PL which are ascribable to the 
figure (surface form) of the transmitting plate 3, and sends out the information on this extent of change to a drive 

15 mechanism (e.g., 18A) for driving the optical members. Thus, the position and posture of the optical members are 
adjusted and Ideal imaging characteristics are maintained. 

[0177] In the embodiments shown in Figs. 7 and 16, the F2 laser of 157 nm wavelength is used as the light source. 
Alternatively, as the light source, also usable are those capable of supplying exposure light of 200 nm or shorter wave- 
length, such as an ArF excimer laser which supplies light of 193 nm wavelength, a laser which supplies light of 
20 146 nm wavelength, a KrAr laser which supplies light of 134 nm wavelength, and an Arg laser which supplies light of 
126 nm wavelength. 

[0178] As for the type of projection of the projection optical system PL, it may be not only the reduction projection, 
but also any of one-to-one projection and magnification projection. 

25 ' (Eighth Embodiment) 

[0179] Figs. 17A and 17B are side views of a photomask according to Eighth Embodiment. In Fig. 17, the same 
coordinate systems as those In Figs. 1 and 2 are employed. As shown in Fig. 17A, a holding frame 2 having a rectangular 
frame-like external shape in the XY plane is attached on the outside of a pattern surface 1 P of a photomask 1 , and a 

30 transmitting plate 3 having transmission to exposure beams Is attached to the holding frame 2 at its edge faces in the 
direction of Z (edges faces on the side opposite to the pattern surface 1 P side of the holding frame 2). 
[0180] In Fig. 17B, where the surface which is parallel to the pattern surface 1 P is regarded as a reference surface 
L, an angle e the transmitting plate 3 fomns with respect to the reference surface L may preferably be within 1^. Here, 
If the angle e is larger than 1 decentratlon coma aberrations may occurfrom such a transmitting plate 3, undesirably 

35 [0181] In the case when the light of 200 nm or shorter wavelength is used as exposure wavelength as in the above 
embodiments, pattern images have a small line width and hence any tolerable decentratlon coma aberrations may 
occur in a small extent. Hence, in such a case, the angle e may preferably be within 5'. Also, assume that an angular 
error 8 in attachment of the transmitting plate 3 can not be allotted to otherfactors, the angle e may preferably be within 1 '. 
[0182] Where the extent of decentratlon coma aberrations at the image surface Is represented by AY, the Image- 

40 side numerical aperture of the projection optical system PL by NA, the height of incidence of a pupil paraxial ray when 
the height of incidence of the pupil paraxial ray on the image plane by hp, the projection magnification of the projection 
optical system by N, and the axial thickness of the transmitting plate 3 by d, the angular error E is expressed by the 
following expression (31 ). 



45 




(3 1) 



50 



[0183] 
[0184] 



Incidentally, in the expression (31), the unit of the angle e is radian (rad). 
Examples of numerical values are given below. 



55 



(Table 4) 
NA = 0. 75 



a =1/4 
hp=4 
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(Table 4) (continued) 
d = 0. 3mm 
N = 1 . 56 
AY = 26 nm 

5 

[0185] Tolerable decentratlon coma aberrations AY may be determined according to the resolution line width of a 
pattem Image, whereby tolerable angular error e can be calculated according to the expression (31 ). 

10 (Ninth Embodiment) 

[0186] Fig. 18A illustrates a transmitting plate of a photomask according to Ninth Embodiment. In Fig. 18A, the 
photomask and its holding frame are omitted from illustration. The transmitting plate 3 Is held by a method according 
to any of First, Second and Eighth Embodiments described above. 

15 [0187] In Fig. 18A, where the thickness of the transmitting plate 3 is represented by h, and the thickness of the 
transmitting plate 3 on designing (a specified value of the transmitting plate 3) by H, the transmitting plate 3 may 
preferably have a thickness tolerance Ah (Ah = h - H) within ±2 pim. Here, its thickness tolerance Ah beyond ±2 [im is 
not preferable because the distortion that may be caused by pupil aberrations (corresponding to telecentriclty at each 
object height on the photomask 1 side) of the projection optical system may come to be a value not negligible. Incl- 

20 dentally, this thickness tolerance Ah is determined without regard to the thickness H of the transmitting plate 3 on 
designing. 

(Tenth Embodiment) 

25 [0188] Figs. 18B and 18C each Illustrate a transmitting plate of a photomask according to Tenth Embodiment. In 

Figs. 1 8B and 18C, the photomask and its holding frame are omitted from illustration. The transmitting plate 3 is held 
by a method according to any of First, Second and Eighth Embodiments described above. 

[0189] In Fig. 1 8B, a stated reference surface is represented by L (typically the reference surface L is parallel to the 
pattem surface). Here, an angle W a tangential plane of the light transmission surface of the transmitting plate 3 forms 
30 with respect to the reference surface L may preferably be within 0.4" even as an angle W corresponding to any spot 
of the light transmission surface. Here, an angle W greater than 0.4" is not preferable because the distortion caused 
by the transmitting plate 3 may be too great. 

[0190] In Fig. 18C, where the first surface and second surface of the transmitting plate 3 are in parallel, an angle T 
a tangential plane LI and a tangential plane L2 of these first and second surfaces form with respect to the reference 
35 surface L may also preferably be within 12" even as an angle T corresponding to any spot of the light transmission 
surface. Here, an angle T greater than 12" is not preferable because the distortion caused by the transmitting plate 3 
may be too great. 

[0191] The present invention is also applicable to both a step-and-repeat method (batch exposure method) in which 
the mask pattern Image is transfen-ed one at a time to one shot region on the wafer, thereafter the wafer Is successively 

40 two-dimensionally moved in a plane falling at right angles with the optical axis of the projection optical system, then 
the mask pattern image is transferred one at a time to the next shot region, and this step Is repeated, and a step-and- 
scan method (scanning exposure method) in which at the time of exposure onto each shot region of the wafer the 
mask and the wafer are synchronizingly scanned with respect to the projection optical system, setting a projection 
magnification p as velocity ratio. Incidentally, in the step-and-scan method, It is satisfactory If at least good imaging 

45 characteristics are obtained in slit-like (e.g., slender rectangular) exposure regions. Hence, the pattern can be exposed 
onto broader shot regions on the wafer without necessity of making the projection optical system large-sized. 
[0192] Now, the photomask of the present Invention can be produced by a process described below. A process for 
producing the photomask is described below with reference to a flow chart shown in Fig. 1 9. 
[0193] As shown In Fig. 19. data of the mask pattem are prepared in a step SI 00. In parallel to this step SI 00, a 

50 mask plate comprised of the transmitting plate is also prepared in a step 201 . In this step S201 , the mask plate material 
such as quartz or the above modified quartz is prepared by grinding and polishing, and thereafter a light-screening 
film of chromium or the like is fomied on the surface by vacuum deposition or sputtering. Also, In this step S201, a 
photosensitive resin (resist) is commonly coated on the mask in advance. Incidentally, in the case when the mask Is 
provided with the cutout along its border (the position at which the mask is placed on the stage), it may preferably be 

55 done in this step S201 . 

[0194] In a step S202, a pattern is drawn on the mask plate coated with the photosensitive resin, in accordance with 
the data of the mask pattern fornned in the step S100, followed by processing such as development, post-baking, 
scumming, etching and resist removal to form a pattern on the mask plate. Incidentally, as methods for drawing the 
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pattern on the mask plate, usable are not only a lithographic method making use of an electron exposure apparatus 
but also a lithographic method making use of an exposure apparatus in which circuit patterns are transferred to glass 
substrates from a mother reticle as disclosed in, e.g., W099/34255, WO99/50712 and WO99/66370. 
[0195] In a step S203, the data of the mask pattern formed in the step S100 and the pattern prepared in the step 
5 S202 are examined by comparing them from the viewpoints of pattern dimensional precision, pattem positional preci- 
sion and external appearance quality. 

[0196] In a step S204, any defects such as white defects, black defects and semltransparent defects of the mask 
pattem are connected by spot exposure, shifting-off , laser beam processing, laser CVD, Ion beam processing or the 
like in accordance with the results of examination made in the step S203. 

10 [0197] In parallel to he above steps S201 to 204, the transmitting plate for dust proofing is prepared in a step S300. 
To prepare this plate for dust proofing, first, the plate material such as quartz or the above modified quartz is prepared 
by grinding and polishing, and examination Is made on whether or not the thickness, figure (surface form) (surface 
flatness), internal defects, refractive index distribution and so forth of the plate material come up to the standards 
described In the above embodiments, and its surface is provided with the antlreflection coating. 

15 [01 98] In a step S205, any foreign matter adhering to the photomask is removed by precision cleaning and thereafter 
the transmitting plate for dustproofing, prepared in the step S300 is attached to the photomask via the holding frame. 
Incidentally, in the case when the transmitting plate for dustproofing is provided with angles of inclination on its two 
light transmitting surfaces, the direction of the inclination may preferably be made unlfomi for each photomask. 
[0199] In the case when the mask is provided with a protrusion like that in Sixth Embodiment along its border (the 

20 position at which the mask is placed on the stage), it may also preferably be done in this step S205. 

[0200] Then, final quality of the photomask to which the transmitting plate for dustproofing has been attached is 
inspected by foreign matter examination and so forth, thus the photomask according to the present invention is pro- 
duced. 

[0201] By the way, in the the embodiments described above, the present invention is applied to projection exposure 
25 apparatus used in the fabrication of semiconductor devices. Without limitation to such projection exposure apparatus 
used in the fabrication of semiconductor devices, the present invention is also applicable to, e.g., exposure apparatus 
for transferring device patterns onto glass plates, used in the manufacture of displays including liquid-crystal display 
devices; exposure apparatus for transferring device patterns onto ceramic wafers, used in the manufacture of thin-film 
magnetic heads; and exposure apparatus used in the manufacture of imaging devices (such as CCD). The present 
30 invention is still also applicable to exposure apparatus for transferring circuit patterns onto silicon wafers, used to 
produce reticles or masks. 

[0202] Needless to say, the present invention is by no means limited to the embodiments described above, and may 
be constructed in variety within the gist of the present invention. 

35 POSSIBILITY OF INDUSTRIAL APPLICATION 

[0203] As described above, the present invention can provide a photomask which has a sufficient durability to short- 
wavelength exposure beams, too, and also can prevent any foreign matter from adhering to patterns for transfer.- 
[0204] The present invention can also provide a photomask in which the figure tolerance (surface precision) of the 
40 transmitting plate can be measured with ease and also the transmitting plate is low reflective, and to provide a photo- 
mask which can make aberrations less occur even when the transmitting plate has a variety in thickness. 
[0205] In addition, the projection exposure apparatus and projection exposure process of the present invention can 
projection-expose fine transfer patterns at a high precision and without aberrations and at a high throughput. 

45 

Claims 

1 . A photomask on which a transfer pattern to be transfen^ed to an exposure-target substrate is fomied and through 
which a stated exposure beam applied to a pattern surface where the transfer pattern is fomied is guided to a 
50 projection optical system for forming an Image of the pattern; 

said photomask comprising a transmitting plate disposed apart from the pattern surface by a stated interval 

and having a stated thickness and a transmission to the exposure beam; 

said transmitting plate being substantially square and fulfilling the following condition: 

55 
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where; 

h: thickness (cm) of the transmitting plate; 

n: refractive index of the transmitting plate with respect to the exposure beam; 
P: magnification of the projection optical system; 
X: wavelength (cm) of the exposure beam; and 
p: density (g/cm^) of the transmitting plate; 

and where Young's modulus Is represented by E and Polsson's ratio is represented by a, 

F=E/(12.(1-a^)) (2). 
The photomask according to claim 1 , which fulfills at least one condition of the following conditions (a) to (c). 

(a) lATI <, 0.1 X, 

(b) lAOl <. 0.1 X, 
(c) lAnl X h < 0.1 X, 

where; 

X: wavelength (cm) of the exposure beam; 

AT: difference (cm) in thickness of the transmitting plate between its maximum value and its minimum value; 
AO: difference (cm) in isophase plane of plane waves between its maximum value and Its minimum value; the 
plane waves having passed through the transmitting plate when plane waves are made incident on the trans- 
mitting plate; 

An: difference in refractive index of the transmitting plate with respect to the exposure beam, between its 
maximum value and its minimum value; and 
h: thickness (cm) of the transmitting plate. 

The photomask according to claim 1 or 2, which fulfills the following condition. 



A < — tan 



son 



1 . NA\ ' 

— d tan sin . , . (13) 



1/51 J 10 \/}\n 



where; 



A: size (cm) of a defect the transmitting plate has; 

do: distance (cm) between the pattern surface and the transmitting plate; 

NA: numerical aperture on the image side of the projection optical system; 

p: magnification of the projection optical system; 

d: thickness (cm) of the transmitting plate; and 

n : refractive index of the transmitting plate with respect to the exposure beam. 

An exposure process comprising the steps of; 

exposing the photomask according to any one of claims 1 to 3, to exposure light of 200 nm or shorter wave- 
length; and 

transferring the pattern fomied on the photomask, onto a photosensitive substrate in accordance with the 



32 



EP1 158 361 A1 



exposure light. 

A photomask on which a pattern for transfer has been fonned and which is to be in^adiated by a stated exposure 
beam; 

said photomasl< comprising a transmitting piate disposed apart by a stated interval from the pattern surface 
where the pattern has been formed and having transmission to the exposure beam; 
said transmitting plate having a stated thiclcness and has a first surface and a second surface through each 
of which the exposure beam is to be made to pass; 

said first surface and second surface being substantially plane surfaces, or curved surfaces having a stated 
refracting power, and; 

where the angle formed by the first surface and the second surface is represented by G (unit: degree), the 
refracting power of the first surface by (unit: 1/mm), and the refracting power of the second surface by ^2 
(unit: 1/mm); 

fulfilling at least one condition of two conditions: 

12.4" ^e<3' (20), 

-1/6,940 < <t)1+(|)2 < 1/5,000 (21). 

A projection exposure apparatus in which a pattern for transfer which has been formed on the pattem surface of 
a photomask Is illuminated by an exposure beam coming from an illumination optical system and an image of the 
pattem Is fonned on a photosensitive substrate via a projection optical system; the projection exposure apparatus 
comprising; 

a mask stage for positioning the photomask in the optical path extending between the Illumination optical 
system and the projection optical system; and 

a mask stage drive for moving the mask stage so that the interval between the pattern surface and the projection 
optical system comes to be at a given value; 

said photomask having a transmitting plate having transmission to the exposure beam, disposed apart from 
the pattern surface by a stated Interval; and 

said given value being determined in accordance with the thickness of the transmitting plate of the photomask. 

A projection exposure process in which a pattern for transfer which has been formed on the pattern surface of a 
photomask is illuminated by an exposure beam coming from an illumination optical system and an image of the 
pattem Is fonned on a photosensitive substrate via a projection optical system; the process comprising the steps of; 

locating the photomask in the optical path extending between the illumination optical system and the projection 
optical system; and 

setting the interval between the pattem surface and the projection optical system at a given value; 

said photomask having a transmitting plate having transmission to the exposure beam, disposed apart from 

the pattern surface by a stated Interval; and 

said given value being determined in accordance with the thickness of the transmitting plate of the photomask. 

A photomask to be mounted on a projection exposure apparatus with which a pattern for transfer which has been 
formed on the pattern surface of the photomask Is projection-exposed onto a photosensitive substrate by the aid 
of an exposure beam; 

said photomask comprising; 

a transmitting plate having transmission to the exposure beam, disposed apart from the pattern surface by a 
stated interval; and 

a mounting surface supported by a mask stage of the projection exposure apparatus; 

said mounting surface of the photomask and said pattern surface being set apart by a stated distance In the 

thickness direction of the transmitting plate; 

said stated distance being detennined taking account of the thickness of the transmitting plate. 
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9. A photomask to be mounted in a projection exposure apparatus with which a pattern for transfer which is formed 
on the pattern surface of the photomask is projection-exposed onto a photosensitive substrate by the aid of an 
exposure beam; 

5 said photomask comprising; 

a transmitting plate having transmission to the exposure beam, disposed apart from the pattern surface by a 
stated interval; 

said transmitting plate being provided with an antireflectlon coating having a fluoride. 
10 10. The photomask according to claim 9, wherein said fluoride contains at least any one of LaFg and l\/lgF2. 

11 . A projection exposure process comprising the steps of; 

illuminating the photomask according to claim 5, 8, 9 or 1 0 by the aid of the exposure beam coming from the 
15 illumination optical system; and 

forming on a photosensitive substrate via the projection optical system an Image of apattern for transfer which 
has been formed on the photomask. 

12. The photomask according to claim 5, 8, 9 or 10, which fulfills at least one condition of the following conditions (a'), 
20 (b') and (c), 

(a') lATc'l ^ 0.1 X, 



(b') lAOc'l ^ 0.1 X; 
(c) lAnI X h < 0.1 X\ 

30 

where; 

X: wavelength (m) of the exposure^beam; 

ATc': maximum width (cm) of deviation of the thickness of the transmitting plate from a linear approximation 
35 obtained when the thickness is linearly approximated; 

AOc': maximum width (cm) of deviation of the isophase plane of plane waves made incident on the transmitting 
plate and having passed through the transmitting plate, from a linear approximation obtained when the iso- 
phase plane is linearly approximated; 

An: difference in refractive index of the transmitting plate with respect to the exposure beam, between its 
40 maximum value and its minimum value; and 

h: thickness (cm) of the transmitting plate. 

13, A process for producing a photomask on which a pattern for transfer Is fonned and is to be Iradlated by a stated 
exposure beam; the process comprising the steps of; 

45 

preparing a transmitting plate having transmission to the exposure beam; 
forming on the photomask a pattern for transfer; and 

attaching the transmitting plate to the photomask in such a way that the transmitting plate stands apart by a 
stated interval from the surface where the pattem for transfer has been fomned; 
50 said step of preparing the transmitting plate having an auxiliary step of examining the transmitting plate. 

1 4. The photomask production process according to claim 1 3, wherein at least one condition of the following conditions 
(a'), (b*) and (c) Is examined In the step of preparing the transmitting plate. 

(a') IATc'1^0.1 A.. 
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(b') 



lAOcI < 0.1 X, 



(c) 



IAnlXh<0.1 X, 



where; 



X: wavelength (m) of the exposure beam; 

ATc': maximum width (cm) of deviation of the thickness of the transmitting plate from a linear approximation 
obtained when the thickness is linearly approximated; 

AOc': maximum width (cm) of deviation of the isophase plane of plane waves made incident on the transmitting 
plate and having passed through the transmitting plate, from a linear approximation obtained when the iso- 
phase plane is linearly approximated; 

An: difference in refractive Index of the transmitting plate with respect to the exposure beam, between its 
maximum value and Its minimum value; and 
h: thickness (cm) of the transmitting plate. 

15. A process for producing a photomask on which a pattern for transfer is fonned and is to be in'adiated by a stated 
exposure beam; the process comprising the steps of; 

preparing a transmitting plate having transmission to the exposure beam; 
fomiing on the photomask a pattern for transfer; and 

attaching the transmitting plate to the photomask in such a way that the transmitting plate stands apart by a 
stated Interval from the surface where the pattem for transfer has been fonned; 

said transmitting plate having a stated thickness and has a first surface and a second surface through each 
of which the exposure beam is to be made to pass; 

said first surface and second surface being substantially plane surfaces, or curved surfaces having a stated 
refracting power, and; 

where the angle fomied by the first surface and the second surface Is represented by 6 (unit: degree), the 
refracting power of the first surface by (unit: 1/mm), and the refracting power of the second surface by <^2 
(unit: 1/mm); 

fulfilling at least one condition of two conditions: 



provided that, when the condition (21 ) is fulfilled, any one of^^ i^O and ^2^Q \s fulfilled. 

16. The photomask production process according to claim 15, wherein; 

said step of preparing the transmitting plate having an auxiliary step of examining the transmitting plate; 
in said auxiliary step, whether or not the transmitting plate fulfills at least one condition of the conditions (20) 
and (21) is examined. 

17. A process for producing a photomask on which a transfer pattern fortransfer is formed and which Is to be Irradiated 
by an exposure beam of 200 nm or shorter wavelength; the process comprising the steps of; 

preparing a transmitting plate having transmission to the exposure beam; 
fonning on the photomask a pattern for transfer; and 

attaching the transmitting plate to the photomask In such a way that the transmitting plate stands apart by a 

stated Interval from the surface where the pattem fortransfer has been formed; 

said process further comprising the step of providing an antireflection coating containing a fluoride. 

1 8. A process for producing a photomask on which a transfer pattern fortransfer is fonmed and which is to be irradiated 



12.4" < e <3' 



(20), 



-1/6940 <<t)1+(t)2< 1/5000 



(21), 
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by a stated exposure beam; the process comprising the steps of; 

preparing a transmitting plate having transmission to the exposure beam; 

forming on the photomask a pattern for transfer; 

attaching the transmitting plate to the photomasl< in such a way that the transmitting plate stands apart by a 
stated interval from the surface where the pattern for transfer has been formed; and 
providing the photomask with a means for changing the position of the pattern for transfer, over the travel 
directrion of the exposure beam. 

1 9. A photomask on which a pattern for transfer Is formed in the plane of a pattern surface and which is to be irradiated 
by a stated exposure beam; 

said photomask comprising; 

a transmitting plate having a stated thickness and having transmission to the exposure beam; and 
a holding member for disposing the transmitting plate apart from the pattern surface by a stated interval; 
said holding member holding the transmitting plate In such a way that the angle fomned by a light-transmitting 
surface of the transmitting plate and a surface of the photomask is within I"". 

20. A process for producing a photomask on which a transfer pattern for transfer Is formed In the plane of a pattern 
surface and which is to be irradiated by a stated exposure beam; the process comprising the steps of; 

preparing a transmitting plate having transmission to the exposure beam; 
fonning on the photomask a pattern for transfer; and 

attaching the transmitting plate to the photomask in such a way that the transmitting plate stands apart by a 
stated interval from the surface where the pattem for transfer has been fomned; 

said step of preparing the transmitting plate being the step of preparing a transmitting plate having a thickness 
within dt2 ^m with respect to a specified vale of the thickness of the transmitting plate. 

21. The photomask production process according to claim 20, wherein; 

said step of preparing the transmitting plate has an auxiliary step of examining the transmitting plate; and 
in the auxiliary step, the thickness of the transmitting plate is examined. 

22. A photomask produced by the production process according to claim 20 or 21 . 

23. A photomask on which a pattern for transfer Is fomned In the plane of a pattern surface and which is to be irradiated 
by a stated exposure beam; 

said photomask comprising a transmitting plate disposed apart from the pattern surface by a stated interval, 
having a stated thickness and having a first surface and a second surface through each of which the exposure 
beam is to be made to pass; 

said first surface and second surface standing at a local angle within 0.4"; and 

said first and second surfaces and pattern surface standing at a local angle within 12". 

24. A process for producing a photomask on which a transfer pattern for transfer is fomned and which is to be irradiated 
by a stated exposure beam; the process comprising the steps of; 

preparing a transmitting plate having transmission to the exposure beam; 
fonning on the photomask a pattern for transfer; and 

attaching the transmitting plate to the photomask in such a way that the transmitting plate stands apart by a 
stated interval from the surface where the pattern for transfer has been fomried; 

said transmitting plate having a stated thickness and having a first surface and a second surface through each 
of which the exposure beam is to be made to pass; 

said step of preparing the transmitting plate having an auxiliary step of examining the transmitting plate; 
in said auxiliary step, examination being made In relation to a local angle at which the first surface and second 
surface stand and a local angle at which the first surface and second surface stand with respect to a stated 
reference surface. 
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25. The photomask production process according to claim 24. wherein; 

said first surface and second surface stand at a local angle within 0.4" and, with respect to a stated reference 
surface, said first surface and said second surface stand at a local angle within 12". 

5 

Amended claims under Art. 19.1 PCT 

1 . A photomask on which a transfer pattern to be transferred to an exposure-target substrate is fonned and through 
which a stated exposure beam applied to a pattern surface where the transfer pattern is fomried is guided to a 

10 projection optical system for forming an image of the pattern; 

said photomask comprising a transmitting member disposed apart from the pattern surface by a stated Interval 

and having a stated thickness and a transmission to the exposure beam; 

said transmitting member being substantially square and fulfilling the following condition: 

15 

where; 

h: thickness (cm) of the transmitting member; 

n: refractive Index of the transmitting member with respect to the exposure beam; 
p: magnification of the projection optical system; 
X: wavelength (cm) of the exposure beam; and 
p: density (g/cm^) of the transmitting member; 

and where Young's modulus is represented by E and Polsson's ratio Is represented by o, 

F = E/(12.(1-o^)) (2). 

30 

2. The photomask according to claim 1 , which fulfills at least one condition of the following conditions (a) to (c). 

(a) lATI < 0.1 X, 

35 

(b) IAOI<0.1A.. 



(c) lAnlxh<0.1X, 

where; 

X: wavelength (cm) of the exposure beam; 

AT: difference (cm) in thickness of the transmitting member between its maximum value and its minimum value; 
AO: difference (cm) in isophase plane of plane waves between its maximum value and its minimum value; the 
plane waves having passed through the transmitting member when plane waves are made Incident on the 
transmitting member; 

An: difference in refractive index of the transmitting member with respect to the exposure beam, between its 
maximum value and its minimum value; and 
h: thickness (cm) of the transmitting member. 

3. The photomask according to claim 1 or 2, which fulfills the following condition. 

55 
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sin- 



(13) 



where; 

A: size (cm) of a defect the transmitting member has; 

do: distance (cm) between the pattern surface and the transmitting member; 

NA: numerical aperture on the image side of the projection optical system; 

p: magnification of the projection optical system; 

d: thickness (cm) of the transmitting member; and 

n : refractive Index of the transmitting member with respect to the exposure beam. 

4. An exposure process comprising the steps of; 

exposing the photomask according to any one of claims 1 to 3, to exposure light of 200 nm or shorter wave- 
length; and 

transferring the pattern fonned on the photomask, onto a photosensitive substrate In accordance with the 
exposure light. 

5. A photomask on which a pattern for transfer has been formed and which is to be Irradiated by a stated exposure 
beam; 

said photomask comprising a transmitting member disposed apart by a stated interval from the pattern surface 
where the pattern has been formed and having transmission to the exposure beam; 
said transmitting member having a stated thickness and has a first surface and a second surface through each 
of which the exposure beam Is to be made to pass; 

said first surface and second surface being substantially plane surfaces, or curved surfaces having a stated 
refracting power, and; 

where the angle formed by the first surface and the second surface is represented by G (unit: degree), the 
refracting power of the first surface by <t>1 (unit: 1/mm), and the refracting power of the second surface by 02 
(unit: 1/mm); 

fulfilling at least one condition of two conditions: 



12.4" <e<3' 



(20). 



-1/6,940 <<|)1+<1)2< 1/5,000 



(21). 



6. A projection exposure apparatus In which a pattern for transfer which has been formed on the pattern surface 
of a photomask is illuminated by an exposure beam coming from an Illumination optical system and an image of 
the pattern is formed on a photosensitive substrate via a projection optical system; the projection exposure appa- 
ratus comprising; 

a mask stage for positioning the photomask in the optical path extending between the Illumination optical 
system and the projection optical system; and 

a mask stage drive for moving the mask stage so that the interval between the pattern surface and the projection 
optical system comes to be at a given value; 

said photomask having a transmitting member having transmission to the exposure beam, disposed apart 
from the pattern surface by a stated Interval; and 

said given value being detemnined in accordance with the thickness of the transmitting member of the photo- 
mask. 



7. A projection exposure process in which a pattern for transfer which has been fonned on the pattern surface of 
a photomask Is illuminated by an exposure beam coming from an illumination optical system and an image of the 
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pattern is formed on a photosensitive substrate via a projection optical system; the process comprising the steps of; 

locating the photomask In the optical path extending between the Illumination optical system and the projection 
optical system; and 

5 setting the interval between the pattern surface and the projection optical system at a given value; 

said photomask having a transmitting member having transmission to the exposure beam, disposed apart 
from the pattern surface by a stated Interval; and 

said given value being detennlned In accordance with the thickness of the transmitting member of the photo- 
mask. 

10 

8. A photomask to be mounted on a projection exposure apparatus with which a pattern for transfer which has 
been fomied on the pattern surface of the photomask is projection -exposed onto a photosensitive substrate by 
the aid of an exposure beam; 

15 said photomask comprising; 

a transmitting member having transmission to the exposure beam, disposed apart from the pattern surface 
by a stated Interval; and 

a mounting surface supported by a mask stage of the projection exposure apparatus; 
said mounting surface of the photomask and said pattern surface being set apart by a stated distance in the 
20 thickness direction of the transmitting member; 

said stated distance being determined taking account of the thickness of the transmitting member. 

9. A photomask to be mounted In a projection exposure apparatus with which a pattern for transfer which is formed 
on the pattern surface of the photomask is projection-exposed onto a photosensitive substrate by the aid of an 

25 exposure beam; 

said photomask comprising; 

a transmitting member having transmission to the exposure beam, disposed apart from the pattern surface 
by a stated Interval; 

30 said transmitting member being provided with an antlreflectlon coating having a fluoride. 

10. The photomask according to claim 9, wherein said fluoride contains at least any one of LaF^ and MgF2. 

11 . A projection exposure process comprising the steps of; 

35 

illuminating the photomask according to claim 5, 8, 9 or 1 0 by the aid of the exposure beam coming from the 
illumination optical system; and 

fomning on a photosensitive substrate via the projection optical system an image of a pattern for transfer which 
has been fomied on the photomask. 

40 

1 2. The photomask according to claim 5, 8, 9 or 1 0, which fulfills at least one condition of the following conditions 
(a'), (b') and (c). 

^3 (a') lATc'l 5 0.1 X, 

(b') lAOc'l ^ 0.1 X; 
(c) lAnl X h < 0.1 X; 

where; 

55 X: wavelength (m) of the exposure beam; 

ATc': maximum width (cm) of deviation of the thickness of the transmitting member from a linear approximation 
obtained when the thickness is linearly approximated; 

AOc': maximum width (cm) of deviation of the Isophase plane of plane waves made Incident on the transmitting 
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member and having passed through the transmitting member, from a linear approximation obtained when the 
Isophase plane is linearly approximated; 

An: difference In refractive index of the transmitting member with respect to the exposure beam, between Its 
maximum value and its minimum value; and 
h: thickness (cm) of the transmitting member. 

13. A process for producing a photomask on which a pattern for transfer Is formed and Is to be irradiated by a 
stated exposure beam; the process comprising the steps of; 

preparing a transmitting member having transmission to the exposure beam; 
fomiing on the photomask a pattern for transfer; and 

attaching the transmitting member to the photomask in such a way that the transmitting member stands apart 

by a stated interval from the surface where the pattern for transfer has been formed; 

said step of preparing the transmitting member having an auxiliary step of examining the transmitting member. 

14. The photomask production process according to claim 13, wherein at least one condition of the following 
conditions (a'), (b') and (c) is examined in the step of preparing the transmitting member. 

(a') lATc'l 5 0.1 X, 



(b') lAOc'i^O.IX, 



(c) lAnI X h < 0.1 X, 

where; 

X: wavelength (m) of the exposure beam; 

ATc': maximum width (cm) of deviation of the thickness of the transmitting member from a linear approximation 
obtained when the thickness is linearly approximated; 

AOc': maximum width (cm) of deviation of the isophase plane of plane waves made Incident on the transmitting 
member and having passed through the transmitting member, from a linear approximation obtained when the 
isophase plane is linearly approximated; 

An: difference in refractive index of the transmitting member with respect to the exposure beam, between Its 
maximum value and Its minimum value; and 
h: thickness (cm) of the transmitting member. 

15. A process for producing a photomask on which a pattern for transfer is formed and is to be in'adiated by a 
stated exposure beam; the process comprising the steps of; 

preparing a transmitting member having transmission to the exposure beam; 
forming on the photomask a pattern for transfer; and 

attaching the transmitting member to the photomask in such a way that the transmitting member stands apart 
by a stated interval from the surface where the pattern for transfer has been formed; 
said transmitting member having a stated thickness and has a first surface and a second surface through each 
of which the exposure beam is to be made to pass; 

said first surface and second surface being substantially plane surfaces, or curved surfaces having a stated 

refracting power, and; 

where the angle formed by the first surface and the second surface Is represented by 6 (unit: degree), the 
refracting power of the first surface by <t>1 (unit: 1/mm), and the refracting power of the second surface by ^2 
(unit: 1/mm); 

fulfilling at least one condition of two conditions: 

12.4" ^e<3' (20), 
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-1/6940 < (t)1+<(>2 < 1/5000 (21), 
provided that, when the condition (21) is fulfilled, any one oi^^ ^0 and ^^0\s fulfilled. 

5 

16. The photomask production process according to claim 15, wherein; 

said step of preparing the transmitting member having an auxiliary step of examining the transmitting member; 
in said auxiliary step, whether or not the transmitting member fulfills at least one condition of the conditions 
10 (20) and (21) is examined. 

17. A process for producing a photomask on which a transfer pattern for transfer Is fomried and which is to be 
irradiated by an exposure beam of 200 nm or shorter wavelength; the process comprising the steps of; 

15 preparing a transmitting member having transmission to the exposure beam; 

fomning on the photomask a pattern for transfer; and 

attaching the transmitting member to the photomask in such a way that the transmitting member stands apart 

by a stated inten^al from the surface where the pattern for transfer has been formed; 

said process further comprising the step of providing an antlrefiectlon coating containing a fluoride. 

20 

18. A process for producing a photomask on which a transfer pattern for transfer is fomied and which is to be 
irradiated by a stated exposure beam; the process comprising the steps of; 

preparing a transmitting member having transmission to the exposure beam; 
25 fomning on the photomask a pattern for transfer; 

attaching the transmitting member to the photomask in such a way that the transmitting member stands apart 
by a stated inten/al from the surface where the pattern for transfer has been formed; and 
providing the photomask with a means for changing the position of the pattern for transfer, over the travel 
directrion of the exposure beam. 

30 

19. A photomask on which a pattern for transfer is fomried In the plane of a pattern surface and which Is to be 
Irradiated by a stated exposure beam; 

said photomask comprising; 

35 a transmitting member having a stated thickness and having transmission to the exposure beam; and 

a holding member for disposing the transmitting member apart from the pattern surface by a stated interval; 
said holding member holding the transmitting member in such a way that the angle fonned by a light-trans- 
mitting surface of the transmitting member and a surface of the photomask Is within T. 

40 20. A process for producing a photomask on which a transfer pattern for transfer is f omned in the plane of a pattern 

surface and which is to be irradiated by a stated exposure beam; the process comprising the steps of; 

preparing a transmitting member having transmission to the exposure beam; 
fomning on the photomask a pattern for transfer; and 
45 attaching the transmitting member to the photomask In such a way that the transmitting member stands apart 

by a stated inten/al from the surface where the pattern for transfer has been formed; 
said step of preparing the transmitting member being the step of preparing a transmitting member having a 
thickness within ±2 \ixn with respect to a specified vale of the thickness of the transmitting member. 

50 21 . The photomask production process according to claim 20, wherein; 

said step of preparing the transmitting member has an auxiliary step of examining the transmitting member; and 
in the auxiliary step, the thickness of the transmitting member Is examined. 

55 22. A photomask produced by the production process according to claim 20 or 21 . 

23. A photomask on which a pattern for transfer is formed in the plane of a pattem surface and which is to be 
In-adiated by a stated exposure beam; 
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said photomask comprising a transmitting member disposed apart from the pattern surface by a stated interval, 
having a stated thickness and having a first surface and a second surface through each of which the exposure 
beam is to be made to pass; 

said first surface and second surface standing at a local angle within 0.4"; and 

said first and second surfaces and pattern surface standing at a local angle within 12". 

24. A process for producing a photomask on which a transfer pattern for transfer is formed and which is to be 
in^adiated by a stated exposure beam; the process comprising the steps of; 

preparing a transmitting member having transmission to the exposure beam; 
fonning on the photomask a pattern for transfer; and 

attaching the transmitting member to the photomask in such a way that the transmitting member stands apart 

by a stated interval from the surface where the pattern for transfer has been formed; 

said transmitting member having a stated thickness and having a first surface and a second surface through 

each of which the exposure beam is to be made to pass; 

said step of preparing the transmitting member having an auxiliary step of examining the transmitting member; 
in said auxiliary step, examination being made in relation to a local angle at which the first surface and second 
surface stand and a iocai angle at which the first surface and second surface stand with respect to a stated 
reference surface. 
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FIG. 2B 
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FIG. 5 
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FIG. 6 
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FIG. 7 



11 




49 



EP 1 158 361 A1 




50 



EP1 158 361 A1 



FIG. 9 



TANGENTIAL 



0.0010 



IMAGE HEIGHT 1.0 



-0.0010 



0.0010 



IMAGE HEIGHT 0.7 



-0.0010 



0.0010 



IMAGE HEIGHT 0.0 



-0.0010 



SAGITTAL 
0.0010 



'0.0010 
0.0010 



-0.0010 
0.0010 



-0.0010 



51 



EP1 158 361 A1 



FIG. 10A 



PA1 





I- 1 
I < 



t 



LST 

-4- 



..3>$>- 



-TR1 



FIG. 10B 



Mi,8- 




X* 



-TR2 



'M83 



FIG. 10G 



P.o^ Po.i 



EA 




-1-4-4— i-4-h4-+-i- 




52 



<1 

EP1 158 361 A1 




53 



EP1 158 361 A1 



FIG. 12A FIG. 1 2D 




FIG. 12B FIG. 12E 




FIG. 12C 




Qi.l-1 



EP1 158361 A1 



FIG. 13 




55 



EP 1 158 361 A1 



FIG. 14A 



LIGHT 












Xm 



FIG. 14B II 



FIG. 14C i 




140mm 



FIG. 14D 



£- 
E 



FIG. 14E 



E 

E 
o 

CM 



120mm 




56 



EP1 158381 A1 



FIG. 15A 



1 



T 



1P 



K 



1 



FIG. 15B 




57 



EP1 158361 A1 



FIG. 16 




21 



25 



58 



EP1 158361 A1 





59 



EP1 158361 A1 



FIG. 18A 



H 





60 



L 



EP1 158361 A1 



FIG. 19 



V 



SI 00 



MAKE A MASK 
PATTERN DATA 



S300 



MAKE AND EXAMINE 
A TRANSMITTING 
PLATE FOR DUSTPROOF 



V 



MAKE A MASK 



MAKE A PATTERN 



CONDUCT AN 
EXAMINATION 



CORRECT DEFECT 



8201 



S202 



S203 



S204 



S205 



ATTACH THE TRANS- 
MITTING PLATE FOR 
DUSTPROOF 



V 



COMPLETION 



61 



EP1 158 361 A1 



INTERNAnON AL SEARCH REPORT 



IntemstioQAJ application No. 

PCT/JPOO/05307 



A. CLASSinCATlON OF SUBJECT MATTER 

Int. CI' G03Fl/0e. G03F7/20. K01L21/027 



According to ImcrnatioiMl Patent Classification (IPC) or to both natkwai clatsificaTion and IPC 



B. FIELDS SEARCHED 



Mtmnuai docunemation learcbed (cUssification sysiem followed by classiftcaiion symbols) 
mt.Cl' G03F1/06, G03P7/20, H01L21/027 



Documentation scarehed other than minifflum documentation to the extent that sucb documents an inchided ia the fields searcbed 
Jltsuyo Shinaa Kbho I926-X996 Torolcu Jitsuyo Shiivan Kioho 1994-2000 

Kok&i Jitsuyo Shinan Koho 197X-2000 Jitsuyo Shixian Toroicu Kbho 1996-2000 



Eledromc data bose consulted during the intemaiional search (name of data base and. wboc practjcable. seaicb temu vaeS^ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Catcsoiy* 



Citation of document, witb indication, where appropriate, of the relevant passages 



ZIP, 837365, A (INTERNATIONAL BUSINESS MACHINES 
CORPORATION) , 

22 April, 1998 (22.04.98), 

Pull text; all drawinga 

& JP, 10-172905, A 

Full text; all drawinge 

6 US, 5781607, A & SO, 53103, Al 

& KR, 980327B1, A fc TW, 357285, A 



RelevaottoclaimKo. 



1-25 



JP, 5<265180, A (Oki Electric Induscry Co. 

15 October, 1993 (15.10.93), 

Full text; all drawings (Family: none) 

JP, 62-200725, A (Canon Inc.), 
04 September, I987 (04.09.87), 
Pull text; all drawings (Family: none) 

JP, 8-64492, A (Sony Corporation) , 

00 March, 1996 (08.03.96), 

Pull texcr all drawings (Family: none) 



Ltd.) , 



3,4,13,14,16, 
21.22,24,25 



6,7,11 



9-12,17 



Further documcnu are listed in the contimiation of BqkC. Q Sec patent &mUy 



Spoci&I GBtegories of cited docaneots: 

documem dcHiung the general ilaie of the in wbich b not 

considered ID be of pif^uiar tetevancc 

eartifir docnment bat publtdied en or after the intercatiatul ftling 

datt 

document which Risy throw doubts on prioritjr cl8iin(i) or which a 
cited to estabttsh the pubf icatton date of another ctttfion or other 
special reasoo (ss sftedRed) 

documon referring lo an oral diiclosuie, use, exhibition or other 



dociunent pi^Eshed prior to the tntcmadooal filing dale but Itler 
than the priority dai^cUaned 



1* bte-doconxat published aAer the hnefna&oail filing date or 
priority date and not in confltet with the a;^'cation but cited to 
undotftfid the principle or thfioiy mleriying the inveotjon 
documeai of panicalarrelevincc; the dsmod tnirentioacamot be 
considered Dovd or eanooi be oontdered 10 hivQhe an fatvendve 
itep when the doduneni is taken done 

T* documem of pafiicnltifefevance; the cUmedittveRiioacaBiioi be 
considered to involve is inventive step when thedooumeiil u 
eombioed with one or loore other tucfa docunieeti^ such 
combination being obvtoiu to a pcnon ikilled in As a«< 
documem cxxnber of ihc same pattnt fisnity 



Ooie of the actual completioa of cbe tncematioiial seaicb 
31 October, 2000 (31.10. ool 



Dato of mailing of the mtematioiial search repon 
07 November, 2000 (07.11.00) 



Name and mailing address of the ISA/ 
Japanese Patent Office 

FicsnraleNo. 



Avborized officer 



Telephone No. 



Fonn PCT/ISA/210 (second sheet) (July 1992) 



62 



EP 1 158 361 A1 



INTERNATIONAL SEARCH REPORT 



loterBBtional tt{^icttioii No. 

PCT/JPOO/05307 



1). DOCUMEKTS CONSIDERED TO BE RELEVAKT 



Category* 



Citatioa ofdocument with indication, where appropiute, of the relevant paanges 



Rdevam to daisi Na 



jp, 5-36590, A (Toshiba Corporation), 

12 February, 1993 (12.02.93), 

Pull text; all drawings (Family: none) 



lS,16,19r23-25 



Voaa PCT/I5A/2ia (commuaiioo of second sheet) (July 1 992) 



63 



